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(54) [Title of Invention] 
FLUORESCENCE OBSERVATION 
APPARATUS 

(57) [Abstract] 
[Purpose] 

To provide a fluorescence observation apparatus 
capable of detecting fluorescence images and normal 
observation images by a common imaging device 
without causing any damage such as sticking to the 
imaging device. 

[Constitution] 

Excitation light generated from a laser 9 and 
illumination light generated from a xenon lamp 1 1 
irradiate tissue 3 in a time-divided manner by such as 
a first filter 12 and a rotatable shutter 13 of which 
timing is controlled by a timing controller 7. A 
fluorescence image and a normal image, via a second 
filter 17 synchronously rotated with an objective lane 
16, the first filter 12, etc., are detected by a common 
CCD 18 in a time-divided manner. By passing the 
images through a two-dimensional lock-in amplifier, 
in particular, the S/N ratio of the fluorescence image 
can be greatly improved, level imbalance between the 
fluorescence image signal and the normal image 
signal can be reduced, problems of sticking, etc. can 
be eliminated, and two images can be displayed on a 
monitor 8. 

[Claims] 
[Claim 1] 

A fluorescence observation apparatus capable of 
displaying both an observation image by normal light 
and a fluorescence image based on the excitation by 
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the excitation light simultaneously or display two 
images by switching in a time-divided manner, which 
is characterized by having: 
a light irradiation means which irradiate said 
illumination light and the excitation light; 
a selection means which selects an observation image 
by the reflected light from the tissue irradiated with 
said illumination light or fluorescence image from 
the tissue irradiated with said excitation light; 
an image detecting means which detects the image 
being selected by said selection means by 
synchronizing with said light irradiation means; 
an image processing means which performs a 
differential calculation and/or a integration of the 
images detected by said image detecting means; 
a control means which synchronously controls said 
light irradiation means, selection means, image 
detecting means, and image processing means. 

[Detailed Description of the Invention] 
[0001] 

[Technical Filed] 

This invention relates to a fluorescence observation 
apparatus capable of acquiring an observation image 
by normal light and a fluorescence image by 
excitation light. 

[0002] 
[Prior Art] 

In recent years, there are techniques such as auto- 
fluorescence generated from living tissue and drug- 
induced fluorescence generated by injecting a 
fluorescent drug into the organism beforehand and 
produce two-dimensional images which are used to 
diagnose the degeneration of tissues of the organism 
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or a state of the disease (for example, the type of the 
disease or the extent of infiltration), such as cancer. 

[0003] 

If light is irradiated to living tissue, the fluorescence 
of a wavelength longer than that of the excitation 
light will be emitted 

Fluorescence substances in the organism are, for 
example, collagen, NADH (nicotinamide adenine 
dinucleotide), FMN (flavin mononucleotide), 
pyridine nucleotide, etc. Recently, the interrelation 
between these substances in the organism emitting 
fluorescence light and diseases is becoming clear, 
and the diagnosis of cancer, etc. is possible from this 
fluorescence. 

Alternatively, a fluorescence substance such as HpD 
(hematoporphyrin), Photofrin, ALA(5-amino 
• levulinic acid), etc., may be injected into an 
organism. These substances have a tendency to 
accumulate in cancerous tissue, and a diseased area 
can be diagnosed by observing the fluorescence after 
injecting any of these substances into an organism. 

[0004] 

Since the fluorescence mentioned above is extremely 
weak, a super sensitive photography is required to 
observe the fluorescence. Image intensifier is widely 
known to perform this supersensitive photography. 
Recently, a fluorescence observation apparatus for 
observing fluorescence light has been suggested 
which performs two-dimensional synchronizing 
detection as shown in Fig. 12 so as to improve the 
sensitivity thereof. 

[0005] 

First, continuous laser beams are emitted by a laser 
beam apparatus 201, the laser beams are chopped at 
high speed by a chopper 202 with 1/600 sec clocks 
generated by a clock generator 220, the laser beams 
are enlarged by a concave lens 203 before tissue 204 
is irradiated with the enlarged laser beams, 
fluorescence light emitted by the tissue 204 is 
allowed to pass through a lens 205 and a filter 206 so 
that fluorescence light is captured by a CCD 207. 

[0006] 

The filter 206 is a band-pass filter which cuts the 
laser beam and which permits only wavelengths 
longer than that of the laser beam, that is, which 
permits only fluorescence light to pass through. At 
this time, fluorescence light is generated in 
synchronization with turning on/off of excitation 
light so as to be detected by the CCD 207 while being 
chopped as described above, that is, being 
synchronized with the period of 1/600 sec. Detected 



fluorescence light is formed into an image signal by a 
. video processor 208 and is converted into a digital 
data by an AID converter 209. 

[0007] 

The multiplexor 210 is switched at the clock timing 
of 1/600 sec so that digital data is divided into ODD 
and EVEN frames, that is, digital data is divided into 
images formed when fluorescence light is being 
generated and images formed when fluorescence 
light is not being generated (the reverse permitted), 
and the divided images are stored in frame memories 
21 1 and 212. Data stored in the frame memories 21 1 
and 212 are difference-calculated by a differential 
circuit 213 at a period of 1/300 sec (divided by clocks 
in a dividing circuit 214). Furthermore, the results of 
the difference-calculations are, about 10 times, 
integrated by an integrating circuit 215. Thus, noise 
can be canceled and a required signal can be 
amplified so that the S/N ratio of the signal is 
improved. 

[0008] 

The signal is, then, formed into a video signal by a 
video processor 216 and is displayed on a monitor 
217. Reference numeral 219 shown in FIG. 12 
represents a two-dimensional lock-in amplifier 
portion for improving the S/N ratio. 



[0009] 

On the other hand, as for fluorescence observation, it 
is important observe images by a normal screen as' 
well as a fluorescence image when an orientation is 
performed. In order to obtain both a fluorescence 
image and a normal image, a plurality of cameras 
have been used or one camera has been used for 
imaing in a time-divided manner so as to obtain the 
two types of the images. 

[0010] 

[Problems to be Solved by the Invention] 
However, the foregoing case where the fluorescence 
image and the normal image are detected by 
corresponding cameras involves a problem that the 
structure of the apparatus becomes too complicated 
and the size of the image detecting portion cannot be 
reduced. 

When one camera is used to perform the image 
detection in a time-divided manner as described 
above, any excessive differences between the 
intensity of received light from the fluorescence 
image and that from the normal image causes the 
fluorescence image to be darkened unsatisfactorily, 
halation to take place in the normal image which 
results in sticking. 
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[0011] 

This invention is formed in consideration described 
above and aimed to provide a fluorescence 
observation apparatus with a simple structure which 
is capable of detecting excellent fluorescence images 
and normal images by one camera without a risk of 
sticking. 

[0012] 

[Means to Solve the Problems and Effects] 

A fluorescence observation apparatus is provided 

with: 

a light irradiation means which irradiate normal light 
and excitation light in a time-divided manner; 
a selection means which selects an observation image 
by illumination light or a fluorescence image by 
excitation light irradiatedjo an area to be observed; 
an image detecting means which captures the 
observation image or the fluorescence image selected 
by the selection means in synchronization with the 
light irradiation means; an image processing means 
which performs difference-calculation and/or 
integration of the image captured by the image 
detecting means; and 

a control means which synchronous-controls said 
light irradiation means, selection means, image 
detecting means, and image processing means. 
With this structure, it is possible to capture images 
with one camera and the S/N ratio of a fluorescence 
image can be improved by the image processing 
means and halation in normal image can be 
prevented. 

[0013] 

[Embodiment] 

Hereafter, embodiments of this invention will be 
explained referring to drawings. Fig 1 through Fig. 3 
relate to a first embodiment of this invention, Fig. 1 
illustrates a structure of a fluorescence observation 
apparatus of a first embodiment, Fig. 2 illustrates an 
example of a fluorescence intensity distribution in a 
normal area and a diseased area, and Fig. 3 is a 
timing chart explaining the operation of the first 
embodiment. An apparatus of the first embodiment 
detects both fluorescence images and observation 
images by a common image detecting device in a 
time divided manner. 

[0014] 

The fluorescence observation apparatus 1 of the first 
embodiment shown in Fig. 1 comprises: a light 
source apparatus 2 for generating illumination light 
for normal observation and excitation light for 
fluorescence observation; an image detecting 
apparatus 4 for detecting a normal image and a 



fluorescence image of tissue 3 which is a subject to 
be observed; a two-dimensional lock-in amplifier 5 
for amplifying the images detected by the image 
detecting apparatus 4 and improving the S/N ratio; an 
image processing apparatus 6 which divide said 
images into normal image and fluorescence image 
and processed respectively and comprises each 
images; a timing controller 7 which synchronous- 
controls said light source apparatus 2, image 
detecting apparatus 4, two-dimensional lock-in 
amplifier 5, and image processing apparatus 6; a 
monitor 8 which displays the images passed through 
said image processing apparatus 6. 

[0015] 

The light source 2 comprises: 
a laser 9 (for example, an excimer laser, a krypton 
laser, a He-Cd lasemnd a dye laser could be used) 
for generating excitation light having wavelength at 
Xo (for example Xq = 350 nm - 500 nm) (abbreviated 
to excitation light Xo); 

a chopper 10 which is rotated in such a manner that 
tooth-like portions formed on the periphery of a light- 
shielding disc are provided so as to cause excitation 
light to be turned on and off at a period of 1/720 sec, 
for example and the periphery portion is arranged on 
the optical path of the laser light; 
a xenon lamp 1 1 which generates illumination light 
to observe a normal image; 

a first rotatable filter 12 which is rotated at 1/30 sec 
by a motor (not illustrated) and has a color filter of 
R,G, and B arranged on the optical path for the 
illumination light; 

a rotatable shutter 13 which is arranged on the optical 
path for the laser light and which is rotated at 1/30 
sec in synchronization with the first rotatable filter 12 
to pass through or shield laser light, and 
a dichroic mirror 14 which is placed while being 
inclined by an angular degree of 45 degree from the 
optical path for illumination light and positioned on 
the optical path for laser light so as to reflect only 
excitation light X<>; and 

an illumination lens 15 which is arranged in front of 
the optical path of the dichroic mirror 14 for 
irradiating light to tissue 3 by enlarging. 
That is, the light source apparatus 2 alternately 
irradiate the laser light which is a pulse-formed 
excitation light and the illumination light of R, G, and 
B. 

[0016] 

The image detecting apparatus 4 comprises: an 
objective lens 16 for connecting optical images of the 
tissue 3; a second filter 17 which is arranged on the 
objective lens 16 and rotated by a motor (not 
illustrated) at 1/30 sec so as to synchronize with the 
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first filter 12 and the rotatable shutter 13 and pass 
through fluorescence images (fluorescence having 
wavelengths at X x and X 2 longer than Xq) and normal 
images; a CCD 18 serving as an image detecting 
device for capturing said fluorescence and normal 
images by a time-divided manner; and a video 
processor 19 for converting into video signals while 
operating the CCD 18. 

[0017] 

The video processor 19 and the second filter 17 are 
controlled by the timing controller 7 so that the video 
processor 19 generates image signals for a single 
frame at a high speed period of 1/1440 sec, which is 
half of 1/720 sec. 

[0018] 

The two-dimensional lock-in amplifier 5 comprises: 
an A/D converter 20 for converting the image signal 
into digital data; a multiplexor 21 for distributing 
image data to a frame memory (ODD) 22a and a 
frame memory (EVEN) 22b for each frame to 
correspond to turning on and off of excitation light of 
the laser 9 in synchronization with the timing 
controller 7; a difference-calculating circuit 23 for 
difference-calculating the frame memory (ODD) 22a 
and the frame memory (EVEN) 22b so as to cancel 
noise components for the purpose of improving the 
S/N ratio; and ah integrating circuit 24 that integrates 
(in such a manner that the same image portions are 
respectively accumulated) images from which noise 
components have been canceled so as to improve the 
S/N ratio and amplify the image. The normal image 
is not allowed to pass through the frame memories 
and the difference-calculating circuit but it is directly 
received by the integrating circuit 24. 

[0019] 

The image processing apparatus 6 comprises: a 
multiplexor 28 for distributing normal and 
fluorescence image data amplified by the two- 
dimensional lock-in amplifier 5 to a normal image 
storing frame memory (consisting of red, green and 
blue frame memories) 25, a X,-image storing frame 
memory 26 and a X 2 -image storing frame memory 27 
in synchronization with the timing controller 7; a 
calculating circuit 29 that calculates the \,-image 
storing frame memory 26 and the X 2 -image storing 
frame memory 27 in order to clarify the 
characteristics of the tissue in accordance with the 
fluorescence image; a superimpose circuit 30 for 
synthesizing the image in the normal image storing 
frame memory 25 and that in the calculating circuit 
29; and a computer 3 1 for controlling the 
superimpose circuit 30 and the timing controller 7. 



[0020] 

. Next the operation of this embodiment will be 
explained. 

First, excitation light formed into pulses at a period 
of 1/720 sec, for example, and observation light (R, 
G, and B) at a period of 1/30 sec, for example, from 
the light source apparatus 2 is alternately irradiated to 
tissue 3 in a time-divide manner. 

[0021] 

Fig. 3 shows the timing of the chopper 10 with the 
rotatable shutter 13, the first filter 12 and the second 
filter 17. The rotatable shutter 13 and the first filter 
12 are alternately opens and the second filter 17 is 
synchronized with the rotatable shutter 13 and the 
first filter 12. That is, while excitation light is 
irradiated to tissue 3 when the rotatable shutter 13 
open, filter for X t and X 2 are sequentially arranged on 
the observation optical path. When normal light (R, 
G, and B) is irradiated to the tissue 3, filter is 
removed. In addition, excitation light is turned on 
and off by the chopper 10 at a period of 1/720 sec. 

[0022] 

More specifically, the rotatable shutter 13 as shown 
in Fig. 3 (a) is opened for two thirds of 1/30 second 
and this period is as shown in Fig. 3 (b) the first filter 
12 becomes a light shielding part (shown as Closed) 
and laser light is turned on and off by the chopper 10 
which is opened/closed as shown in Fig. 3 (d) and the 
rotatable shutter 13 passes through a pulse-formed 
excitation light X*. (During this period, the first filter 
12 becomes a light-shielding part and blocks R, G 
and B light) After the excitation light Xo is reflected 
by the dichroic mirror 14 and passed through the lens 
15, it is irradiated to the tissue 3 and fluorescence 
light having the wavelength longer that that of 
excitation light Xq is emitted. 

[0023] 

The wavelength component of this fluorescence light 
which passed through the second rotatable filter 17 
by the objective lens 16 is reached to the CCD 18 and 
a fluorescence image is formed. The second rotatable 
filter 17 shown in Fig. 3 (c) arranges the filter for X, 
and X 2 sequentially on the image detecting optical 
path and fluorescence image of A., and X 2 are detected 
at a period of 1/90 seconds. 

[0024] 

The remaining third of the period of 1/30 second for 
the rotatable shutter 13 is a period in which laser light 
is shielded. In this shielded period, the red, green and 
blue filters of the first filter 12 are sequentially placed 
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on the optical path so as to irradiate one light among 
these R, G, B lights is supplied (for example red 
illumination light is output) after it is allowed to pass 
through the dichroic mirror 14 so as to be introduced 
into the tissue 3 via the lens 15. 

[0025] 

The R illumination light for example reflected from 
the tissue 3 passes through the second rotatable filter 
17 by the objective lens 16 and a R image is formed 
on the CCD 18. The opening portion of the second 
rotatable filter 17 is arranged on the image detecting 
optical path during this period as shown in Fig. 3 (c). 
(in Fig. 3 (c), it is shown as no filter.) At the same 
timing in the next period, irradiation and image 
detection with green light are performed and then 
those with blue light are performed. That is the 
image detecting operation is performed by the image 
detecting apparatus which contains the CCD 18 in a 
time-divided manner to correspond to excitation light 
and normal light in a time-divided manner. 

[0026] 

As described above, the portions of the fluorescence 
images that have the wavelengths X x and X 2 and the 
normal image are, by the common image detecting 
apparatus 4, converted into image signals at the 
period of 1/1440 sec, which is the half of the 
foregoing period of 1/720 sec. That is, in 
synchronization with turning on and off of excitation 
light. Each of R, G and B irradiation light beams is 
continuously 

applied for each 1/90 sec in such a manner that the 
corresponding images 

are repeatedly read at the period of 1/90 sec to 1/1440 
sec. 

[0027] 

The high speed image signal is supplied to the two- 
dimensional lock-in amplifier 5 so that its S/N ratio is 
improved and the signal level is amplified. In 
particular, the fluorescence image is subjected to a 
difference-calculating process in the difference 
circuit 23 in a manner such that the differences 
between light images and dark images formed due to 
turning on and off are processed. Thus, the influence 
of noise that is not related to turning on and off and 
that of 1/f noise which becomes critical by low 
frequency waves can significantly be eliminated. 
Therefore, weak image signals of a fluorescence 
image can be formed into fluorescence image signals 
exhibiting excellent S/N ratio. 

[0028] 

Therefore, the fluorescence image signal transmitted 
by the difference circuit 23 can be set to a level free 



from excessive imbalance as compared with the level 
of an image signal obtained in a normal observation. 
By supplying the result of the image capturing 
operation to the two-dimensional lock-in amplifier 5, 
level imbalance between the fluorescence image 
signal and the normal image signal can be eliminated 
satisfactorily. Therefore, a necessity of providing a 
circuit for considerably increasing the gain in order to 
raise the level of the fluorescence image for a 
position in the signal processing system can be 
eliminated. Furthermore, problems of halation and 
sticking that takes place frequently in the normal 
image portion can be overcome. 

[0029] 

Since the brightness (the intensity) of fluorescence is 
changed due to the intensity of excitation light, the 
type of a fluorescence material and the efficiency of 
fluorescence generation, it is more effective to 
change the amplifying ratio by changing the number 
of the integrating operations performed by the 
integrating circuit 24 or by performing a process 
using a digital window (the number of bits increases 
due to the number of the 

integrating operations and the gain is changed by the 
portion of the bit from which the data is taken by 
cutting). 

[0030] 

The amplified image signals are divided into the 
fluorescence image and the normal image by the 
image processing apparatus 6 so that the respective 
images are converted into image data suitable to be 
displayed. Then, the images are synthesized by the 
superimpose circuit 30 so as to be displayed on the 
monitor 8. 

[0031] 

Fig. 2 shows the fluorescence characteristics when a 
subject area to be observed is irradiated with 
excitation light A*. Fluorescence light from tissue 
obtainable due to irradiation with excitation light Xo 
having a wavelength of 442nm is intense in a healthy 
area and is weak in a diseased area in a short 
wavelength region thereof as compared with the 
intensity of the healthy area. That is, the ratio of the 
intensities of fluorescence light having the 
wavelengths X { and X 2 becomes different between a 
healthy area and a diseased area. Therefore, the ratio 
of the image areas having the wavelengths X, and X 2 
is obtained to distinguish "diseased" and "healthy". 

[0032] 

Calculation of the images in the frame memory 26, 
which stores the image detected at the wavelength X lt 
and the frame memory 27, which stores the image 
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detected at the wavelength X x to obtain the difference 
of intensities in each corresponding portion of the 
images is performed by the calculation circuit 29 in 
order to determine whether or not die value is greater 
than a predetermined value. If the ratio of the region 
is smaller than the predetermined value, a color that 
can easily be easily identified is output Thus, the 
possible lesion area that has the value smaller than 
the predetermined value can be distinguished from 
the normal image via the superimpose circuit 30 in 
accordance with this color. 

[0033] 

On the other hand, if the ratio of the image is greater 
than the predetermined value, two images captured 
with the wavelengths X, and X 2 are added. The result 
of the addition is transmitted to the superimpose 
circuit 30 so that the fluorescence image is 
superimposed so as to be positioned together with the 
normal image. Thus, the two images are displayed 
on the monitor 8. 

[0034] 

Of course, a similar display may be performed while 
displaying the region smaller than the predetermined 
value in a color that can easily be identified. 
Furthermore, a function may be provided which 
selectively displays the normal image and an image 
of either of the wavelengths or another function may 
be provided with which the fluorescence images of 
the two types of the wavelengths are displayed side 
by side. 

[0035] 

According to the apparatus of the first embodiment, 
by capturing the fluorescence image and the normal 
image by using the common CCD 18 and by passing 
the images through the two-dimensional lock-in 
amplifier 5, the S/N ratio of the fluorescence images 
can be greatly improved. Level imbalance between 
the fluorescence image signal and the normal image 
signal can be reduced, and problems of sticking, etc. 
can be eliminated and the two types of images can be 
displayed. 

[0036] 

Furthermore, since both the fluorescence image and 
the normal image can be captured by an apparatus 
with a simple structure, excellent orientation and the 
fluorescence observation with high sensitivity are 
provided, therefore, more accurate diagnosis and 
observation can be performed. 

[0037] 

an apparatus which to corresponds two images can be 
realized at low cost since the imaging part and the 



signal processing system are commonly used In the 
. first embodiment, the example was shown by the 
CCD 18, however, the solid-image detecting device 
such as CMD, SIT, MOS, etc can be utilized. 

[0038] 

Next a second embodiment of this invention will be 
explained. Fig. 4 through Fi. 8 relate to a second 
embodiment of the invention, Fig. 4 shows the 
structure of a fluorescence observation apparatus of 
the second embodiment, Fig. 5 explains the 
operations, Fig. 6 shows an example of a light source 
selection means, Fig. 7 shows other example of a 
light source selection means, and Fig. 8 shows a 
concrete example of a wavelength selection means. 
In this embodiment, the example of the number of 
integrating operation in correspondence with the 
bright ness of a fluorescence image and a normal 
image will be explained. 

[0039] 

The fluorescence image is extremely dark as 
compared with the normal image, the quantity of 
fluorescence is changed due to the difference in the 
excitation wavelength, that in the intensity of 
fluorescence, that between spontaneous fluorescence 
and fluorescence realized by a chemical and the type 
of the chemical. The apparatus of this embodiment is 
capable of satisfactorily displaying the two types of 
images even if the brightness of the fluorescence 
image is changed and the ratio of the brightness is 
changed with respect to that of the normal image. 

[0040] 

A fluorescence observation apparatus 40 according to 

this example comprises: 

a laser 41 for emitting excitation light; 

a lamp 42 for emitting normal light; 

a light source selection means 43 for arbitrarily 

selecting excitation light or normal light; 

an image detecting device 45 (for example, CCD, 

CMD, SIT) for irradiating a subject area to be 

observed 3 with each light to capture reflected light 

(normal light) or fluorescence light via an objective 

lens 44; 

a wavelength selection means 46 for selecting the 
reflected light or the fluorescence light; a driver 47 
for operating the image detecting device 45 at high 
speed, for example, from 30 to 2000 frames/sec; 
a control circuit 48 for synchronously controlling the 
light source selection means 43, the wavelength 
selection means 46, and the driver 47; 
an A/D converter 49 for converting data obtained by 
the image detecting device 45 into digital data; 
an integrator 50 for integrating the digital data'; 
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a multiplexer 53 for distributing a fluorescence image 
obtained due to the excitation light irradiation and a 
normal image to a first image memory 5 1 and a 
second image memory 52; 

a superimpose circuit 54 for synthesizing images in 
the image memories 5 1 and 52; and 
a monitor 55 for displaying the images. 

[0041] 

Initially, excitation light emitted by the laser 41 or 
normal light emitted by the lamp 42 is selected by the 
light source selection means 43 and the selected light 
is applied to a subject area 3 to be observed. Thus, 
fluorescence light or reflected light is generated in 
the diseased area 3a in the subject area 3 to be 
observed. The wavelength selection means 46, which 
is operated in synchronization with the light source 
selection means 43, selects, for example, a 
fluorescence image having the wavelengths \\ and X 2 
in Fig. 3 and a normal image from fluorescence light 
or reflected light. The selected images are formed on 
the image detecting device 45. Then, an electrical 
signal formed on the image detecting device 45 and 
photoelectrically converted is converted by the AJD 
converter 49. Then, the digital data is integrated by 
the integrator 50 in accordance with the brightness of 
the fluorescence and normal images. The 
fluorescence image is distributed to the first image 
memory 51, while the normal image is distributed to 
the second image memory 52 so as to be synthesized 
by the superimpose circuit 54 before the synthesized 
image is displayed on the monitor 55. 

[0042] 

Fig. 5 shows the timing of the example in Fig. 4. 
At this time, the image detecting device 45 is 
operated at high speed of, for 
example, 180 frames/sec. If the sensitivity of the 
fluorescence image with respect to the observed 
image is raised by 5 times, the rate of time in which 
laser is applied and time in which normal light 
(expressed with "Xe") is applied is made to be 5:1. 
Furthermore, the fluorescence images for five frames 
are integrated with respect to normal images for one 
frame to correspond to the ratio of time set as 
described above. Thus, the sensitivity of the 
fluorescence image can be improved. Symbol W in 
Fig. 5 represents an image formed by normal light. 

[0043] 

Fig. 6 illustrates an example of the wavelength 
selection means. As shown in Fig. 6, the surface of a 
rotatable plate 56 makes a predetermined angle from 
the optical axis to make the optical, axis of the laser 
41 and that of the lamp 42 coincide with each other. 
The rotatable plate 56, as shown in Fig. 14 (b), 



comprises a transmission window 57 for permitting 
light to pass through and a reflecting mirror 58 for 
reflecting light, each of which is operated in 
synchronization with a projection portion 59 so that 
the angle of opening of the transmission window 57 
is changed 

[0044] 

That is, by moving the projection portion 59 by 
means of a groove 62 formed in a micro-stage 6 1 
while rotating the rotatable plate 56 by a stepping 
motor 60 to change the angle of opening so as to 
change the quantity of opening of the transmission 
window 57, the ratio of excitation light to normal 
light can be changed. After the ratio has been set to 
an appropriate value, the groove 62 is retracted so 
that a state where the projection portion 59 cannot be 
introduced is realized. 

[0045] 

Fig. 7 illustrates another example of the wavelength 
selection means 43. Electronic shutters 63 and 64 are 
disposed in front of the laser 41 and the lamp 42. An 
inversion circuit 65 is added to the electronic shutters 

63 and 64. When either the electronic shutter 63 or 

64 is inversely controlled, light is alternately emitted. 
The light beams allowed to pass through the 
electronic shutter are introduced into the same optical 
path through a dichroic mirror 66. 

[0046] 

Fig. 8 illustrates a specific example of the wavelength 
selection means 46. As shown in Fig. 8 (a), the 
wavelength selection means 46 comprises a cult filter 
67 for cutting excitation light, a polarizing plate 68, a 
TN ceil 69, and a liquid crystal filter 71 incorporating 
a color polarizing plate. 

[0047] 

As shown in Fig. 8 (b), the liquid crystal filter 71 
allows fluorescence light having the wavelength \ t or 
X 2 that corresponds to the wavelength characteristic 
of the color polarizing plate which is turned on to 
pass through so as to introduce fluorescence light to 
the image detecting device 45 when the liquid crystal 
filter 71 is activated. When the liquid crystal filter 74 
is deactivated, it allows light of all wavelength 
regions to pass through so as to introduce normal 
light into the image detecting device 45. 

[0048] 

As described above, according to the apparatus of the 
second embodiment, both fluorescence image and the 
normal image can satisfactorily be displayed even if 
the brightness of the fluorescence image is changed. 
Furthermore, the S/N ratio can be improved by 



employing the two-dimensional lock-in amplifier in 
the first embodiment with the second embodiment 

[0049] 

Fig. 9 illustrates a fluorescence observation 
endoscope apparatus 72 of a third embodiment that 
the first and the second examples have been applied 
to the endoscope, using this endoscope, the 
fluorescence in the body cavity can be observed. And 
the screening of a diseased area such as an initial- 
stage cancer is possible. 
The same symbols are utilized for the same 
components as the first and second embodiments. 

[0050] 

The fluorescence observation endoscope apparatus 72 
comprises; an endoscope 73 to be inserted into a 
body cavity; a light source apparatus 2; a two- 
dimensional lock-in amplifier 5; an image processing 
apparatus 6; a timing controller 7; and a monitor 8. 
The light guide 75 is inserted through the insertion 
portion 74 of the endoscope 73. The end portion is 
connected to the light source apparatus 2 so as to 
introduce illumination light from the light source 
apparatus 2. 

[0051] 

The light source apparatus 2 has the same structure as 
the first example shown in Fig. 1. Excitation light of 
a laser 9 is converted into pulse beams by a chopper 
10, rotated by a motor 10a. The beams are reflected 
by a mirror 77a and the mirror surface of a rotatable 
mirror 77b on which mirror part and the transmission 
part (shown by the dashed line in Fig. 9) are provided 
and entered to the end of the light guide 75 adjacent 
to the hand of an operator. The rotation of the 
rotatable mirror 77b is controlled by the timing 
controller 7. 

[0052] 

Light emitted by the xenon lamp 1 1 is allowed to 
pass through a RGB rotatable filter 12 which is 
rotated by a motor 12a and arranged on the optical 
path, and is allowed to pass through a transmitting 
part (of the rotatable mirror 77b) at the timing when 
it reaches the optical path. Then, light is made 
incident on the light guide 75 at a position adjacent to 
the hand of the operator. Light made incident on the 
light guide 75 at a position adjacent to the hand of the 
operator is introduced into the body cavity into which 
an insertion portion 74 is inserted. Then, light is 
transmitted from the leading surface and is°allowed to 
pass through an illumination lens 76 so that the 
subject portion to be observed is irradiated with light. 

[0053] 



A fluorescence image and a normal image generated 
, due to light with which the subject portion to be 
observed has been irradiated are allowed to pass 
through a cover glass attached to an observation 
window formed at the leading portion of the 
endoscope, a polarizing plate 67, a first objective lens 
44a, a liquid crystal filter 71 and a second objective 
lens 44b to be formed on the image detecting device 
45 so as to be photoelectrically converted. 

[0054] 

The image detecting device 45 is operated in 
response to a drive signal supplied from a driver 47 
so that an imaging signal photoelectrically converted 
by the image detecting device 45 is amplified by a 
pre-amplifier 79. Then, the amplified signal is 
supplied to an A/D converter 20, which constitutes a 
two-dimensional lock-in amplifier 5, and a video 
processor 6 provided in the image processing 
apparatus 81. 

[0055] 

The video processor 81 processes an imaging signal 
obtained due to the normal light irradiation such that 
it generates standard video data and causes a normal 
image to be displayed on the monitor 8 through a 
superimpose circuit 30. 

[0056] 

On the other hand, an imaging signal obtained due to 
fluorescence light irradiation is converted into a 
digital signal by the A/D converter 20, and then the 
converted signal is, through a multiplexer 28, 
distributed into frame memories 22a and 22b for 
storing odd frame images and even frame images. 
Then, image data is allowed to pass through a 
difference-calculating circuit 23 for calculating the 
difference between images and an integrating circuit 
24 for integrating the output denoting the result of the - 
calculation for obtaining the difference. Then, the 
image data is supplied to a multiplexer 28 in the 
image processing apparatus 6. 

[0057] 

Signals selected by the multiplexer 28 are 
temporarily stored in frame memories 22a and 22b. 
Two signals read from the frame memories 22a and 
22b are calculated by a calculating circuit 23 so as to 
be signals corresponding to the discriminated state of 
the tissue. Then, the signals are converted into analog 
signals by a D/A converter 82, and then standard 
video data is made by a video processor 83, and 
video data is transmitted 
to the superimpose circuit 30\ 

[0058] 
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If a determination has been made that the subject 
portion to be observed is a diseased area, a 
fluorescence image is, in the form of a specific color 
signal, transmitted to the superimpose circuit 30'. 
While being superimposed, the fluorescence image is 
displayed or is subjected to a superimpose process to 
position the normal image and the fluorescence 
image side-by-side to simultaneously display the two 
images. 

Note that a computer 3 1 controls the timing 
controller 7 and the superimpose circuit 30' . 

[0059] 

The fluorescence observation endoscope apparatus 72 
enables a fluorescence image to be displayed in 
addition to the normal endoscope image. 
Furthermore, a region having a diseased tissue can be 
displayed in such a manner that it can be easily 
identified. 

[0060] 

Therefore, a significantly effective means to perform 
screening of a diseased portion, such as an initial- 
stage cancer, can be provided. The rotatable mirror 
77b in Fig. 9 may be manufactured by plating or 
evaporating aluminum or the like, which is capable of 
serving as a mirror, onto the light-shielding portion 
of, for example, the rotatable shutter 13. Another 
structure may be employed in which a mirror is 
provided for a plunger and the plunger is operated at 
a predetermined period to introduce/remove the 
mirror to and from the optical path. The mirror may 
be reciprocated by a predetermined angular degree to 
introduce/remove the mirror to and from the optical 
path. 

[0061] 

Furthermore, a switch and the like may be provided 
so as to perform switching between a case in which 
excitation light and normal light are, by a mirror, 
sequentially introduced into the light guide 75 in a 
time-divided manner and a case in which either light 
is selectively manually introduced to enable the 
fluorescence light observation to be performed if 
necessary. The other operations and effects are the 
same as those of the foregoing embodiments. 

[0062] 

Fig. 10 and Fig. 1 1 illustrate an example of use of the 
fluorescence endoscope apparatus in which a portion 
of the intestinum crassum, from which sigmoid colon 
has been exsected, is inosculated. It is important to 
know the metabolism in the inosculated portion for 
the purpose of preventing a failure in suture. NADH 
contained in a texture of an organism is a substance 
that causes oxygen metabolism to be performed. By 



observing fluorescence light of NADH, a state of 
. metabolism in the.suture portion can be diagnosed 
FIGS. 10 and 1 1 illustrate an example for measuring 
NADH to achieve the foregoing object 

[0063] 

Referring to FIG. 10, the example will now be 
described. A fluorescence endoscope system 101 
comprises an endoscope 102, a light source apparatus 
103, a signal processing apparatus 104 and a monitor 
105. 

[0064] 

The light source apparatus 103 includes a white light 
source 107 that has an irradiation optical path on 
which a band-pass filter 108 through which light for 
excitation NADH is allowed to pass through is 
provided, the band-pass filter 108 being enabled to be 
retracted when, for example, a motor 109 is rotated. 
A condenser lens 1 10 is provided in front of the 
band-pass filter 108 to supply normal light to an end 
surface of a light guide 1 1 1 to be attached to the light 
source apparatus 103 at a position adjacent to the 
hand of an operator. 

[065] 

A light guide 1 1 1 provided for the endoscope 102 is 
inserted into a soft insertion portion 1 12 to transmit 
white light or excitation light which is emitted 
forwards through the leading surface of the light 
guide 1 1 1 attached to an illumination window at the 
leading portion of the insertion portion 1 12. Thus, for 
example, a suture portion 1 14 of the intestinum 
crassum 1 13 is irradiated with light. 

[0066] 

Reflected white light or fluorescence light is, by an 
objective lens 1 15 attached to the observation 
window at the leading portion, imaged on the leading 
surface of an image guide 1 16 arranged on the focal 
point surface. The image guide 1 16 transmits a 
fluorescence image or a reflected light image to the 
rear end surface of the image guide 1 16 at a position 
adjacent to the hand of the operator. 

[0067] 

A cut filter 1 17 for cutting excitation light, an 
imaging lens 1 18 and a CCD 1 19 are sequentially 
arranged at positions facing the rear end surface of 
the image guide 116. A signal photoelectrically 
converted by the CCD 1 19 is supplied to a CCU 120 
in the signal processing circuit 104 so as to be 
converted into video data. The CCU 120 has a 
function of the two-dimensional lock-in amplifiers 5 
shown in FIG 9. 
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[0068] 

The signal processing circuit 104 comprises the CCU 
120, a memory 121 for storing video data transmitted 
by the CCU 120, a fluorescence image and a normal 
image, a timing controller 122 for transmitting a 
timing control signal for controlling opening/closing 
of the band-pass filter 108 which separates the 
fluorescence image and the normal image to be 
supplied to the memory 121, and a superimpose 
circuit 123 for synthesizing the two images. 

[0069] 

Since the operation of the fluorescence endoscope 
system 101 is the same as the fluorescence endoscope 
apparatus according to the foregoing embodiments, 
its description is omitted. Its effect is also similar to 
the embodiments above and the fluorescence 
endoscope system 101 can be similarly applied to a 
hard endoscope as well as to the soft endoscope. 

[0070] 

The fluorescence endoscope system 131 shown in 
FIG. 1 1 will now be described. This example is 
intended not to obtain a fluorescence image but has 
an arrangement that an optical probe inserted into a 
channel of an endoscope and arranged to introduce 
light is brought into contact with a suture portion to 
measure the metabolism of the contact portion by 
means of fluorescence light of NADH. 

[0071] 

The endoscope system 131 comprises an endoscope 
132, a light source apparatus 133 for supplying to the 
endoscope 132, white illumination light, a light- 
introducing probe 135 inserted into a channel 134 of 
the endoscope 132, a second light source apparatus 
103 for supplying excitation light to the light- 
introducing probe 135, a detection apparatus 136 for 
detecting fluorescence light introduced through the 
light-introducing probe 135, an analyzing apparatus 
137 for obtaining metabolism from fluorescence light 
detected by the analyzing apparatus 136, and a 
display apparatus 138 for displaying the result of the 
analysis. 

[0072] 

The endoscope 132 has an elongated and soft 
insertion portion 141 into which a light guide 142 is 
inserted. An end of the light guide 142 adjacent to the 
hand of an operator is connected to the light source 
apparatus 133 so that white light emitted by a white 
light source 143 is supplied through a condenser lens 
144. White light is emitted forwards 
through an illumination window formed at the 
leading portion of the insertion portion 141 so that, 



for example, a suture portion 1 14 of the intestinum 
, crassum 1 13 is irradiated with light 

[0073] 

Light reflected by the suture portion 1 14 is, by the 
objective lens 1 15 attached to the observation 
window, imaged on the leading surface of the image 
guide 116 provided on the focal point surface of the 
objective lens 1 15. Light is transmitted through the 
image guide 1 16 to the rear end surface of the same 
so that the suture portion 1 14 can be observed with 
Ae naked eye through an ocular lens 146. 

[0074] 

The portion of the light-introducing probe 135 
inserted into the channel 134 of the endoscope 132 
adjacent to the hand of the operator is divided into 
two pieces, either of which is connected to the light 
source apparatus 103 and a residual one of which is 
connected to the detection apparatus 136. 

[0075] 

The light source apparatus 103 has the same structure 
as that shown in FIG. 10 to introduce excitation light 
so as to emit excitation light through a leading 
surface projecting over an outlet at the leading 
portion of the channel 134 toward the suture portion 
1 14 which is in contact with the leading surface. 
Excitation light obtained from the suture portion 1 14 
is introduced into the portion adjacent to the hand of 
the operator by the light-introducing probe 135, and 
is detected by a detector 147 through 
the cut filter 1 17 for cutting excitation light. The 
quantity of detected excitation light is analyzed by 
the analyzing apparatus 137 and the result of the 
analysis is displayed on the display apparatus 138. 

[0076] 

Near infrared light may be used to measure 
cytochrome or to measure the bloodstream by a laser 
Doppler meter as well as NADH to obtain the 
metabolism. Note that the foregoing embodiments 
may partially be combined with each other to 
constitute another embodiment. 

[0077] 

[Effect of the Invention] 

As described above, according to this invention, 
normal illumination light and excitation light are 
irradiated to an area to be observed in a time-divided 
manner, and an observation image by the 
illumination light and a fluorescence image by the 
excitation light are selected by the selection means. 
The selected image (either the observation image or 
the fluorescence image) is captured by a common 
image detecting means in synchronization with the 
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timing of irradiation. Thus, a fluorescence image and 
a normal image can be captured by the common 
image detecting means. Since the processes such as 
differential calculation process are applied at least to 
the fluorescence image of the images captured by this 
image detecting means by the image processing 
means, level imbalance between the fluorescence 
image signal and the normal image signal can be 
reduced since the S/N ratio of the fluorescence image 
is greatly improved by the image processing means. 
Thereby, problems of halation, etc. can be prevented. 

[Brief Description of Drawings] 
[Fig. 1] 

Fig. 1 is an overall schematic diagram of a 
fluorescence observation apparatus of a first 
embodiment. 

[Fig. 2] 

Fig. 2 is a characteristic diagram showing one 
example of the distribution of florescence intensities 
of a normal area and a diseased area. 

[Fig. 3] 

Fig. 3 is a timing chart explaining the operation of the 
first embodiment. 

[Fig. 4] 

Fig. 4 is an overall schematic diagram of a 
fluorescence observation apparatus of a second 
embodiment of this invention. 

[Fig. 5] 

Fig. 5 is an explanatory drawing of the operation of 
the second embodiment. 

[Fig. 6] 

Fig. 6 is an explanatory drawing showing one 
example of light source selection means. 



Fig. 10 is a schematic diagram of an endoscope 
system suitable for a diagnosis of the condition of 
metabolism in suture area. 

[Fig. 11] 

Fig. 1 1 is a schematic diagram of a modified example 
of Fig. 10. 

[Fig. 12] 

Fig. 12 is an overall schematic diagram of a 
conventional florescence observation apparatus. 

[Explanation of Symbols] 

I. ..a fluorescence observation apparatus 
2... a light source apparatus 

3... tissue 

4... an image detecting apparatus 

5 ... a two-dimensional lock- in amplifier 

6 ... an image processor 

7... a timing controller 

8... a monitor 

9. ..a laser 

10... a chopper 

II. ..a xenon lamp 
12... a first filter 

1 3 ... a rotatab le shutter 
14... a dichroic mirror 
15... an objective lens 
17. ..a second filter 
18...aCCD 
19... a video processor 
21... a multiplexer 
22a, 22b... frame memories 
23... a differential circuit 
24... an integration circuit 
26, 27... frame memories 
29... a calculation circuit 
30... a superimpose circuit 



[Fig. 7] 

Fig. 7 is an explanatory drawing showing another 
example of light source selection meaiis. 

[Fig. 8] 

Fig. 8 is an explanatory drawing showing a concrete 
example of wavelength selection means. 

[Fig. 9] 

Fig. 9 is a schematic diagram of a fluorescence 
endoscope apparatus of a third embodiment of this 
invention. 

[Fig. 10] 
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7... timing controller 

9... laser 

21... multiplexer 

22a, 22b... frame memory 
23... differential circuit 
24... integration circuit 
26... frame memory (X,) 
27... frame memory (X 2 ) 
29... calculation circuit" 
30... superimpose circuit 
47... driver 
31... computer 
81, 83... video processor 
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201. ..laser 
208... video processor 
2 10.... multiplexer 
211, 212. ..frame memory 
213... differential circuit 
214,218... division circuit 
2 15... integration circuit 
2 16... video processor 
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[Eft] [OBJECT] 

^M<DWL^M^X^%M^.t^. Provide the fluorescent observation apparatus 

£#38 which can record without burning etc. 

£1"S&<SHfe^#33t3tetS$ generating for fluorescent and usual 

CI b Q observation images with a shared image-pick- 
up element. 

HSfiJc] [SUMMARY OF THE INVENTION] 

U—f 9 X'%±Ltcm&mytt A light for excitation generated by the laser 9 

^iry >-7^7°l lT?^£Lfc and the illumination light generated by the 

E8BJ3fc<h £x ^^T^^^^^h xenon lamp 11 are irradiated to a tissue 3 side 

n-7 7T*^^; yfWM&ti in time slices with the first filter 12, the rotation 

1 (T>7 4 1 2 ^LFIsJIg shutter 13, etc. by which timing control is carried 

■>f^l3 *$-?B###l"CiiSftt out by the timing controller 7. 

3{IiJ(c0S|tLs j^fti/^Xl 6 A fluorescent and usual image are recorded in 

&Tff& 1<D7*< /u? l 2%gtm time slices by shared CCD18 through the 2nd 

M Lt@St5l2W7>f^^ filter 17 rotated synchronizing with the objective 

1 7 <t£MT#iiCDCCD 1 8 lens 16, the first filter 12, etc. 

X~i&ytWi&. t ii^®^ t # S B## By passing through the two-dimensional lock-in 

f'JT'ft'fe^tiv 2T!Kjlv-yt>4 amp 5, especially S/N of a fluorescent image 

>TV?5 £ri!H*w i: \z. «fc <9 * improves sharply. 

#|il^}fcjli'(&<£> S/N^T^IlC burning etc. does not occur, after reducing 

[n]±$iXs iIS®H£ £: tf>fif 1-' imbalance of the signal level with a usual 

^<;u©7>^7 y^if^^b^tl image, and it enabled it to display both images 

ft'&, m%ttYtm&ft*EtZ>Z. to a monitor 8. 
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[translation of Japanese text in Selection Diagram] 
also refer to EXPLANATION OF DRAWINGS 
25 frame memory (RGB) 
28 multiplexer 



[CLAIMS] 



[CLAIM 1] 

iS^<7)S8^3ttc ct 5H^| t , A fluorescent observation apparatus. 

JSMSTtK: ± 5 Si® (c|£^5 < in the fluorescent observation apparatus which 

^Oi^^Srl^B^fcSVMi^ can switch and display both observation images 

#J"C§l*X-T*^-e#S^3tM by the usual illumination light, and fluorescent 

^3£fiM3oV N T, image based on the excitation by excitation light 

fl&ESW3feiajB*Sr^^i>J"e simultaneously or in time slices, optical 

fl8Wi"S5tfl5lt^S:i: % irradiation means to irradiate the above- 

mtzmWftXttm&yttmftZ mentioned illumination light and above- 

tlZ>tt&tototi*t>G>R&tyt&fo mentioned excitation light in time slices, 

:£3teK:.fc5&^feXfi:£3fc&tf> Choice means to choose between either the 

l>-f fta>£ % »^1-5BtR^a observation image by the reflected light or the 
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fluorescence from the target-object side by 
which the above-mentioned illumination light or 
above-mentioned excitation light is irradiated, or 
the fluorescent images, , image-pick-up means 
to image-pick up the image chosen with above- 
mentioned choice means synchronizing with 
above-mentioned optical irradiation means, 
image-processing means to calculate the 
difference, integral, or both, for the image 
recorded by the above-mentioned image-pick- 
up means, the above-mentioned optical 
irradiation means, choice means, and control 
means which carries out synchronous control of 
image-pick-up means and image-processing 
means, it has these components. 



[DETAILED DESCRIPTION OF INVENTION] 



[0 0 0 1] 



[0001] 



mm±(Dmm^m-] [industrial application] 

#3SWfiii?if©fiB9!3tefc«fc3ft This invention relates to the fluorescent 
itt, B&yVi^X Z^ft^Lt observation apparatus which can obtain the 
tWC#5^3tftiS3g observation image by the usual illumination 
W^M-fZo light, and the fluorescent image by excitation 

light. 



[0 0 0 2] 



[0002] 



. [PRIOR ART] 

b <D i In recent years, from the self-fluorescence from 

i^ift^^AL, ^(DWfa the organism, or medicine is injected into the 

(Dlkft*: 2&7c®fc£: LT$?ttS organism, and it is detected, using the 
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L, ^(D^Jt^ti^h^ £.WW£k fluorescence of the medicine as a two- 

dimensional image. 

&L&<D%iM J $'W:M$iiffl) £ From the fluorescent image, there is a 

&ffi1rZ>&MfrhZ) 0 technique that illness states (for example, the 

kind and permeation extent of the illness), such 

as the modification of an organism tissue and 

cancer, are diagnosed. 

I 0 0 0 3 ] [0003] 

±#*&&t::3fc£flB,W-f 5 t^(D If a light is irradiated to an organism tissue, the 

% (fifo&Jt) J; DSv^gco^; fluorescence of a wavelength longer than the 

3fe#36£-f5. £#fc*5»*5$ light (excitation light) will occur. 

%MH£b IT, 0"Jx.{i*N ADH it uses as the fluorescent material in the 

= f K77-^^ organism, for example, there are NADH 

K) , FMN (7 7t'V (nicotinamide adenine nucleotide), FMN (flavin 

■=EV ^ ^ u^"^- K) , t° y v^V mononucleotide), pyridine nucleotide, etc. 

5* ^ u^h^- K^EiSfe5„ IBfiT' Recently, the interactive relationship with the 

it. iOiji, £#rtlS4^K illness and such in-the-living-body ?factor- 

t „ <t O+BSBa^^ W?tJc substance? becomes clear. 

ttoXtit, ~£tz, HpD (— Moreover, HpD (hematoporphyrin) and 

•7 Y#;\s7 j y >-) , Phot Photofrin, ALA((delta)-amino levulinic acid) 

ofr in, ALA (5 — am have the accumulation property towards 

ino levulinic cancer. 

acid) it, &^<DM$Mfe.tf This is injected in the living body, and it is 

h'O. Clti<££.#F*H;L&AL, utilized for a diagnosis of an illness site by 

observing the fluorescence of the above- 

X*&&U{\L<DmWr^mRl£ti mentioned matter. 

So 

[0 0 0 4] [0004] 

kZZ>X\ ±IS0^7felt N $i£> By the way, since the above-mentioned 

X^MX*h^(DX\ ^<D^M(D fluorescence is very slight, it needs. 

tztbizfe^ <StoTKgSStf>9lf£ photography" of a high sensitivity extremely for 

Sr^IttSo Z.<Dm&f£ j SkM> the observation, and the image * intensifier is 

^fro hot LX4 *—-s • well known as that which performs this high- 

>x^>7 7>f J fas&<*nP>:h, sensitivity photography. - 
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TV^o "£.1t s ftifiTiiH 1 2 Moreover, as shown in Diagram 12, recently, 

tCTF-t" £ o 2<^7C"C*P^^& two-dimensionally synchronous detection is 

SrfrV\ JsynSrSitfj-S^&^Si performed, and the process of raising a 

^£ft-CV N £> 0 sensitivity is proposed. 



[0 0 0 5] 

£T; v>~-*?mm.2 o i iois 

^3 y<2 0 2{Cj; (3 * n 
7^M2 2 0 T*31£ Lfc 1 
/6 0 0S©^ny^ 

0 3 U IIi2 0 4 (CBS 

W-f^o wCD|a,^2 0 4frb<?) 
M$:l/yX2 0 5, 7 4)^5 
2 0 6 SriiD, CCD 2 0 7 T' 



[0005] 

First, a laser light continuously from the laser 

apparatus 201 is irradiated. 

The chopping of the clock of 1/600S which 

generated this by the clock generator 220 by 

the chopper 202 is carried out at high speed. 

It enlarges with a concave lens 203, and it 

irradiates to the tissue 204. 

A lens 205 and the filter 206 are passed in the 

fluorescence from this tissue 204, and it records 

by CCD207. 



[0 0 0 6] 

7 2 0 6 liU- tf%*j3 

*. <o tbt <7> ^ £• ii m £ 5 '< y 

3§£U rtl^CCD2 0 7T* 

6 0 0 s ojaaa t tsaxn tx^tu 

ot?t2 0 8 T-ll^if %b 
L, £ fbl-A/D^ 2 
0 9 f£«fc ^x^A^-^^ 



[0006] 

A filter 206 cuts the laser light. 

It is the band-pass filter which passes longer 
wavelengths, in other words fluorescent only. 
At this time, a fluorescence synchronizes with 
the blinking of excitation light, it generates, and 
this is detected by CCD207 synchronizing with 
the period of the above-mentioned chopping 
and in other words 1/600S. 

And, let this be an image signal by the video 
processor 208. 

Furthermore conversion is earned out to 
digital data by A / D converter 209. 



[0 0 0 7] [0007] 

w ©r- 9 ^MIE^ DyM/ A multiplexer 210 is switched for this data at the 
6 0 0 S <D 9 $ ^^"C^/i^T" timing of the above-mentioned clocks 1/600S. 
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u^f-210$r#)i?&;i > OD It divides into the frame of ODD and EVEN, 

DiEVEN07 l^— J>>, o| the time of in other words the fluorescence 

K)1k%1t$&£.\^X^Z>£fb, 31 having occurred, and the image (or the 

£LTW < £V>B#<£>jlH& (XJii^ contrary ) when not having generated, and each 

-CkJ:H \z.5$\~f%rA 7 v a frame memories 211 and 212 store it. 

^ * y 2 1 l , 212 Mf5t!l£ While carrying out the difference of this frame 

tlZo Z.V>7 is—J±**y 2 1 memory 211 and the data stored 212 times by 
1, 2 1 2IEttS£ixfc7 f — the differential circuit 213 with the period of 

1 / 3 0 0 S (#Ji!s]8g 2 1 4 1/300S (the clock divided by the divider circuit 

*) ? u yffrftm tfc 0 ) 214), furthermore, the noise is cancelled by 

^ii^T'S^lHlSS 2 1 3 Id «fc <0 carrying out integrating of this by the counting 

1 1 tfc, ££>k: x ~ circuit 215 about 10 times, for example. 

ti&Wz.f£ 1 0 alii, fS&EI The required signal is amplified and S/N can 

S§ 2 1 5 <£ 9 ^jt||"3~5 ;i:t* be improved as a result. 

SrHHB S /N * 



[0 0 0 8] 

CMfftT'BtytZ 1 6 
Wr*m-%b Lt^-^ 2 1 
7^*^i"5. 2 1 9 

teS/N£ft±£-££/cft<£2 
^7CDy^^>7V £^ L drawing(s) 

TV**. 



[0008] 

This is displayed on the monitor 217 as a video 
signal by the video processor 216. 

In addition, 219 shows the two-dimensional 
lock-in amp part for raising S/N in the 



[0 0 0 9] 



[0009] 

On the one hand, in fluorescent observation, 
besides fluorescent images, the observation of 
a usual screen is also important when 
performing orientation etc. 

Some cameras are used, in order to take a 
photograph of both fluorescent image and usual 
image, conventionally. 

Moreover, a photograph with the same 
camera is taken in time slices. 
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[0010] 



[0010] 



M) 

ft o tz o ±mz ft o 

XgftZtzfr, %%mn%<ft 



[PROBLEM ADDRESSED] 

In the case of photographing with the camera 
which differs a fluorescent and usual image, the 
structure became complicated or the image- 
pick-up part was large-sized. 

Moreover, since light-receiving strength of a 
fluorescence and a usual image differs 
extremely in time slices with one camera in a 
photographed case, the fluorescent image 
becomes dark, and halation occurs in the usual 
image. 

Moreover, there was the problem that burning 
happens, in the worst cases. 



[0011] 

Xft£titzt><DX\ —o<D%* 

7xmzttftm^±-tz>z\t 
&ft<, fr^ffi^ftmrnxitft 

-?z>z\k<Dxz znkftmmmm 



[0011] 

This invention was made in view of the above- 
mentioned end. burning etc. does not occur 
with one camera. And it aims at providing the 
fluorescent observation apparatus which can 
take satisfactorily a photograph of both 
fluorescent image and usual image with the 
simple structure. 



[0012] 



[0012] 



imm zfim-t 6 tz * o^ais 
\mfttztitzmw?ttx\m&%. 



[SOLUTION OF THE INVENTION and 
EFFECTS] 

The image chosen with the optical irradiation 
means which irradiates usual and excitation 
$ titzMWytXtemmyt light in time slices, choice means to choose the 
■£j:3*l!&ifeXf4£ftft&a!lR observation image by the illumination light or 
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[0 0 13] 



the excitation light irradiated by the target object 
or a fluorescent image, and this choice means 
is synchronized with the above-mentioned 
optical irradiation means. 
Image-pick-up means to image-pick up an 
observation image or a fluorescent image, 
image-processing means to perform the image 
recorded by the above-mentioned image-pick- 
up means a difference, integral, or both, above- 
mentioned optical irradiation means and choice 
means, and control means which carries out 
synchronous control of image-pick-up means 
and image-processing means. These are 
provided, while making an image pick-up 
possible with one camera, S/N of the 
fluorescent image is improved by image- 
processing means, and it enables it to prevent 
generating of halation. 

[0013] 



mmm] 

h 3 Mt*«9i0ffi i nmwnm 

*3»*5>*oi«*^U SI 3 

ft* i itifloifnnnfflo^ 



[Embodiment] 

Hereafter, the embodiment of this invention is 
demonstrated with reference to drawings. 

Fig. 1 or 3 concerns the 1st embodiment of 
this invention. 

Diagram 1 shows the composition of the 
fluorescent observation apparatus of the 1st 
embodiment. 

Diagram 2 shows 1 example of the 
fluorescence-intensity distribution in the case of 
a normal part and a disease part. 

Diagram 3 shows the timing chart for 
description of the 1st embodiment of operation. 

This 1st embodiment is an apparatus which 
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detects both fluorescent image and observation 
image in time slices with a shared image-pick- 
up element. 



[0 0 14] 

hi i i mmmoikytm 
mmm i \*m%<DWLm<Dtcfr<D 
mwit t a ©as 

aura t s « 

e 6 ^ifcit^^t^^ 

^8 J:9«fifc'*ti*. 



[0014] 

For the fluorescent observation apparatus 1 of 
the 1st embodiment shown in Diagram 1, the 
light source device 2 which generates the 
illumination light for a usual observation, and 
the excitation light for fluorescent observation, 
the image-pick-up apparatus 4 which records 
the usual image and the usual fluorescent 
image of the tissue 3 which serves as the 
photographed object for observation, the two- 
dimensional lock-in amp 5 which amplifies the 
image detected with this image-pick-up 
apparatus 4, and raises S/N, while the above- 
mentioned image is divided into a usual image 
and a usual fluorescent image and processing 
respectively 

The image processing device 6 which 
synthesises each image, the timing controller 7 
which carries out synchronous control of the 
above-mentioned light source device 2, the 
image-pick-up apparatus 4, the two- 
dimensional lock-in amp 5, and the image 
processing device 6, It consists of the monitor 8 
which displays the image which passed through 
the above-mentioned image processing device 
6. 



[0 0 15] [0015] 

t5l53t2SSefi2fi % 0 The above-mentioned light source device 2, a 

0= 3 5 0mm-5 wavelength is (lambda)O (for example, 

0 0 mm) (DUU% (IBWtO (lambda)0=350 mm - 500 mm) excitation light). 

tz$>W}&%l 0 £ (abbreviated as excitation-light (lambda)O for 
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m±£ltZ>u—f9 (mz.it*- simplification) 

i/-? u—f^ $ ]) y h y' U— The laser 9 was made to generate this. 

U\ He-Cdl^-f, \s (For example, an excimer laser, a krypton laser, 

— !f tr/Sv^ C b&X*%h 0 ) a He-Cd laser, and a dye laser can be used) 
b, ItufEU— It is configured so that the circumference part 

fi* 5 £ o \z leg £ may hit the optical path of the above-mentioned 

ti, 1/7 2 0 StDmmx^m laser light. 

<£ 9 (CjJl7feR^g(7)j^^{c: Roughness is provided on the circumference 

DflASrim % E^Hilb^nS^ of the shading disc so that a blinking may be 

a s"* 1 0 b , iif"®^$r^ carried out with the period of 1/720S. 

-f 3fc ft ©BS^TcSr^^-fS^ This illumination light is configured in the optical 

-try >7>zfl l t, Z<DmW path with the chopper 10 by which it rotates, 

yt<Dyt$&±\z.§lWt£fo, R, B, and the xenon lamp 11 which generates the 

G<D&7 -< fcftfhs illumination light for observing a usual image. 

&V^— *T*#J;U2* 1 /3 0 S It has.the colour filter of R, B, and G. 

T-Islte^ns^ l 0[h]^7^/w It synchronizes with the first rotating filter 12 

? 1 2 b. ^ <DW, 1 ©Is]i7 ^ rotated, for example, by 1/30S by the motor not 

^12i W\M LT, u-if3t illustrated, and this first rotating filter 12. 

<Djt&±\z§Zm £ *u A laser light is configured in the optical path. 

•¥yt%Mi&RTfm%:i-Z> (1/ The rotation (it rotates by 1/30S) shutter 13 

3 0 S TIs]te$tv5) W\$k'S-Y which permeates and shades this laser light, 
y?\ 3 b^ E8^3tcD3fcSg±{£ and an illumination light leaning 45-degrees in 

4 5 ° fittTlcS£ d^o u the optical path, and it is configured. 

— tfyt<Djt'$i±.\z.ti:Z)\\LW^W. And it is situated on the position which a laser 

W £ fth& % X 0 (Dh-^WM light is in the optical path, 

t^f-f^n/f 7-1 4 The dichroic mirror 14 which reflects only 

bs Z<Dy-( ? y ? *y— excitation-light (lambda)O, the front of this 

1 4 <Dfij^-(D7cS§±^lEg^ dichroic mirror 14 is configured in the optical 

ti. fcrnLxitm^m^ytzm path. 

lt-f-5fcftWBB0Ji>^Xl 5 b It consists of the illumination lens 15 for 

J: VtiZ&o o£ 9 , ^tM^g2 expanding and irradiating a light to a tissue 3 

\ts</\sxit£titzmt£ltb It side. . 

©l'—- Jf3ti, R, G, BSSB^ In other words, light source device 2 

Tfe&r^SldBSifti" $ o irradiates laser light pulse -ized excitation light, 

and r, G, and B illumination light alternately. 
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[0 0 16] [0016] 

fuffiS^S^fl 4 li&§Jf£3 (D%^ For the above-mentioned image-pick-up 

ii&&%*i&tctf)(DM$} 1 6 apparatus 4, objective lens 16 which focuses 

t % ^1 (D)$$) uyXl 6 £>3fcS§ the optical image of tissue 3 , this objective lens 

±ld!Ba^^ iulSB l©7-f 16 is configured, in the optical path, 

yi^ 1 2 , [Ulsv'-r y 9 1 3 <ir It rotates by 1/30S by the motor not displayed 

IRISH'S J: 3 fcBS* Lftv V= E- — so that it may synchronize with the first filter 12 

^tl/30St@e$ti, Ik and the rotation shutter 13. 

%M^L (I 0 cfc ■JS&fifl)* The fluorescent image, ((lambda)1, (lambda)2 

1 , X 2 <D^%) t s il^llHfe fluorescence with longer wavelength than 

2ri§i&£-£5^ 2 ©7^;^ 1 ((lambda)O ), the 2nd filter 17 which passes a 

7 k, BulES^feStJ^iiSB^^: usual image, cCD18 as an image-pick-up 

^fflT^9lP]^ffij^^5fc#><D element for taking a photograph of the above- 

if t LXWCCD 1 8 mentioned fluorescence and the above- 

ts ZCDCCD 1 8 £riEIH"5 mentioned usual image in time slices shared, 

k k 1 l£®&ff ^ic^&i- % t° and the video processor 19 which carries out 

rtT'nt 1 9 £: J: 9 fi£ conversion to an image signal while actuating 

5 0 thisCCD18. 

It consists of these. 

[0 0 17] [0017] 

ft, tfx^^n ir 5/ if 1 9 , % In addition, the video processor 19 and the 2nd 

2<D7 4 1 7 it 9 4 ^istf filter 1 7 are controlled by the timing controller 7. 
n> Yu — 7 7 "QWffi&tis ¥ The video processor 19 respectively forms 

7^7" uir ^tl 9 (i#J;Lfi 1 the image signal of one frame during the high- 

/720S(Dl/2tDl/14 speed period of 1/2 of 1/1440S, or 1/720S, for 

4 0 SOKififtJBJW-e-tixW example. 
1 7 U-J±(Dm&it ttQEjfct 



[0 0 13] [0018] 

2 &tt: >"7 5 ttsu The two-dimensional lock-in amp 5 

ISH&fis f^r^^^T'-? £ synchronizes with A/D converter 20 which 

f£&i~5 A/D^^fs 2 0 £ jfu carries out conversion of the above-mentioned 

tE^^^^Vhn — 77 <t image signal to digital data, and the above- 

IrUWU U"— if 9^®S3t©W mentioned timing controller 7. 
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SSd-S-fc)-^ Zti?t\,<DW&f Matching the blinking of the excitation light of 

-?^7i/-A;'i:|;7l/-i laser 9, the multiplexer 21 which divides each 

^^r]) (ODD) 22ai7i/ image data into frame-memory (ODD) 22a and 

— A^^E-y (EVEN) 22b frame-memory (EVEN) 22b for every frame, the 

Id ##5-7 >v*}-zfv? D- 2 1 difference of frame-memory (ODD) 22a and the 

t , yis—J*/*}) (ODD), frame-memory (EVEN) 22b is calculated. 
2 2 a t 7 U— A y y ( E V The differential circuit 23 which cancels a part 

EN) 2 2 b^WAL, / -i X for a noise and improves S/N sharply, the 

ft&^'T V-ir/ULT S/N£r;*: integration circuit 24 which raises and amplifies 

^(-^±1-5^^01^ 23k, S/N by integrating so that the image cancelled 

y 4 Xfr&%-Y^±ju& tiitM in a part for a noise may be accumulated (it is 

f^£rl^flH"5 <fc p (d^^ (IrIC integrating so that the same image parts may 

W&&ftffi±fc : tti : eti%9l-? respectively be accumulated) It consists of 

6£ ?(-«#) -fZ>Zk\c£ <9 these. 

S/NSriiffTif (i-f SfS#IU In addition, in the case of ordinary light, not 

S§2 4 ir^ibESc^o ft, il^fe passing through a frame memory and a 

©i^li7W- A^nE-D^rj^M differential circuit, it is directly input into an 

ftW*m&1t?m&. m&® integration circuit 24. 
&2 4lcA73^ti5o 

[0019] [0019] 

£fc x M^^^^S 6 (imJlEtf Moreover, concerning the image processing 

ffi^ftfciif^Rl^ftilHfex— device 6, for the above-mentioned amplified 

^$r^-f ^y^^y^n- 77 usual and fluorescent image data, it 

t W\M Lt, ii^'iij'^fBl^ffl 7 synchronizes with the timing controller 7. 

u ~ A^-^y (RGBc7>7U— The usual frame memory for image memory 25 

^ y *»£>fc5) 2 5, A. 1 (it consists of the frame memory of RGB), the 

lU^lE tiffin U — J*ji ^ y 2 frame memory for (lambda) 1 image memory 

6 , X 2 EHfcfE1SJB7 26, the multiplexer 28 separated to the frame 

-ty 2 7^#8H-3^vUf : -:/u memory for (lambda) 2 image memory 27, in 

9 If 2 8 t , 3fc3teiMfefl» fcll&Hft order to clarify the characteristic of a tissue from 

0>tfetfc£:§35fc£"$"5fc#>a. 1 H the fluorescent image, with the calculation 

^ISltffi 7U- A>^y 26X circuit 29, it is the frame memory for (lambda) 1 
XfX 2@HtfEliJB:7i'— j ma ge memory 26, and (lambda) 2 the frame 

y 2 7 STRESS 2 9 t , memory for image memory 27. 

®itlEtt>^:7 A^^E-y 2 6 The superimpose circuit 30 which synthesises 
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CQ!Hfe£:^3f EES 2 9 ©iH^tr the image of the usual frame memory for image 

•aJ}SH~5^— /,?x f ^/K— XIHIS memory 26, and the image of the calculation 

3 0 t > ^ — /-^ X circuit 29, the computer 31 which controls this 

0S§3 O&T/iulS^'f' 5: superimpose circuit 30 and the above- 

£rffiij$p-f"5 = ^ f mentioned timing controller 7. 
a-?31iJ:545. It consists of these. 

[0 0 2 0] [0020] 

m^^(DnMm<ni'Em%m.W-t Next an effect of this embodiment is 

5„ £1\ %.Wg;W:2 &<0fflz. demonstrated. 

tfl/7 2 0 S (DMMX'y</^^ First, excitation-light (lambda)O pulse-ized, 

it £ ft fcMft I 0 t M 7L & for example, with the period of 1/720S from the 

1/30 S Ji$!©$i^7c (R, light source device 2, for example, it irradiates 

G, B) -C*B#^-fiJ'C"^Stc|a^ to a tissue 3 alternately in time slices with the 

3^S5|t-f5 o observation light (R, G, B) for a 1/30S period. 

[0 0 2 1] [0021] 

HI 3 fi^ 1 sy^lOi, [n]fe-> Diagram 3 shows the timing of a chopper 10, 

■Y v $ 1 3 , % 1 © 7 4 >v $ l the rotation shutter 1 3 and the first filter 1 2, and 

2, |2(D7^/^17^^ the 2nd filter 17. 

5 "s? %7F~f 0 Sfev'-f 2/^1 The rotation shutter 13 and the first filter 12 

3tf liZ)7^;^12 Ct^S are opened alternately. 

< iZtt-oXie 9 % $ 2 The 2nd filter 17 synchronizes with the rotation 

l 7 (tUltev'-t shutter 13 and the first filter 12. 

1 3^1«7^;u^l 2(C|r| When the rotation shutter 13 opens in other 

ML* ol^S^v'ty^ 1 3 words and excitation light is irradiated to the 

^m^^xmm^m^S tissue 3, (lambda)1, (lambda)2 filters are 

LTV^SBfXI, i 2 <07^yv sequentially configured on the observation 

* ^mm^tm±^\mmm^ optical path. 

ft, Tf&ISyt (R, G, B) SrijSft When having irradiated the ordinary light (R, 
^ 3 ^PMt LTV^Bt, 7 ^ G, B) to the tissue 3, the filter is removed, and 

£ 9 |£j^-CV^ 0 $ bid, furthermore, the blinking of the excitation light is 

Eh&ftfe?- a 1 O tc J; 9 1 carried out by the chopper 10 by 1/720S. 

/7 2 0 ST*^iS£ft5 0 ■ 

[0 0 2 2] [0022] 
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£ ibf£f¥ L < tfc^i"<5 £ , 015 In greater detail, as shown in Diagram 3 (a), two 

'y^y9 1 3filH3 (a) £3* thirds of 1/30S period carries out the period 

-f «fc 9 (C 1 / 3 0 S JigjO 2 / opening of the rotation shutter 13. 

3 <DM?$ffi PU : om^itm As this period is shown in Diagram 3 (b), the 

3 ( b ) \Z.7jki-£. ? \z.W> 1<D7 first filter 12 serves as a shading part ( shown 

^/w* 1 2l±m%1$(mx^1-) closed). 

kftVs 3 ( d ) (c^i-J; o The blinking of the laser light is carried out by 

3 1 0 "CU— the chopper 10 opening and closing as shown 

islfci/vy? in Diagram 3 (d). 

1 3 fl/^^-fk $ ttfcfibiBJt A. The rotation shutter 13 passes through pulse- 

0 Sriif (r©fi|iTOi?)7 ized excitation-light (lambda)O. (As for the first 

■i /\>9 1 2 fiigftffi i ft «9 , R, filter 12, this period serves as a shading part r, 

G, BftZMt/tTZ)) o -©lb G, and B light is shaded. 

S3tA 0 Ityj 9 This excitation-light (lambda)O is reflected by 

7—14 T*K&f £ tu, H'Xl the dichroic mirror 14, and it is irradiated by the 

5fcllTl&Jfc3fc:JlMtSii,, lab tissue 3 through a lens 15. 

0 «t 9 ftV^3fc£^}fc' Fluorescence longer than excitation-light 

£"£5o (lambda)O is made to be emitted. 

[0 0 2 3] [0023] 

•1 <Di&ytlitttSfo i^yX l 6 \z. X. The wavelength component for which this 

ot|2 0@g7^^ fluorescence permeates the 2nd rotating filter 

5M^5CCD 1 8 17 by the objective lens 16 reaches CCD18, 

(ciS # , 13(c) and a fluorescent image is formed. 

K7F-f X o \z.% 2 <D\e\&7 j jv as shown in Diagram 3 (c), as for the 2nd 

* 1 7l$fcm2. 1 t A. 2 a*W( rotating filter 17, wavelength (lambda)1 and 

St^:)feSfl i: Wcgc , g£;ft, N 1 (lambda)2 are sequentially configured in an 

/90S^iofiI^ 1 t I 2 image-pick-up optical path. 

©SftfcasjMfeSfLa I. it<C Every 1/90S, the wavelength (lambda)1 and 

%>o (lambda)2 fluorescent images will be recorded 

10 0 2 4] [0024] 

» 1/3 0 SfflM<Dlk<D 1/3 The following one third of the 1/30S period turn 

©JfifflfiEltei'-lr y * 1 3liu into the shading period when the rotation 

— If SilftJfiiat ft shutter 13 shades the laser light. 

•9, r©MFs1l:iiBl©7 As for the first filter 12, one of the colour filters 
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^r/u^ l 2 i$R, G, B<D&7 of R, G, and B is sequentially configured in an 

4 >v$ <D 1 o^TfcSS^KJI&lE optical path during this shading period, 

g&ax, R, G, Bfi8W3tW 1 One of R, G, and the B illumination lights (for 

o (Mx.1t-i RfflMttt) fcitit) p example, R illumination light) is output, dichroic 

^^D/fy^7-i4 mirror 14 is passed through, and it is irradiated 

£3SiiU ^^Xi 5^gTll by the tissue 3 through a lens 15. 

[0 0 2 5] [0025] 

ffi&3 ftfc0Hx.fiRflB For example, it reflected with the tissue 3, R 

BRytlttt^^yX l 6 lc J; o X illumination light permeates the 2nd rotating 

% 2 <D ^t&7 4iv9 1 7 §r3Si© filter 17 by the objective lens 16, and the R 

U CCD 1 8 \ZR&L$:t&& 0 image forms on CCD1 8. 

IH 3 ( c ) l£^i"«fc o Id, Clef) As shown in Diagram 3 (c), the 2nd rotating 

WFe^cii^ 2 (750^7 4 1 filter 17 will be in the state where an opening 

7{±|if|n^#as|t#3fci& l ? , UJE part is configured in an image-pick-up optical 

W.£ftZ>ftMbt£Z) (S3 (c) path in this period ( in diagram 3 (c) shown 

XI* 4Lf*U without the (filter)). 

1^5) o ^coJi^CDl^C^^ 5 At the same timing of the following period , 

y?Xi*GWMytX<DmWRXf the illumination of G illumination light, and 

Jtft> £h\z.fo<DMMXl'iBM image pick-up, and in the next period , the 

*MtfcX<DMVMRXfW^1Afffit>ti illumination in B illumination light and an image 

5:^1:45. o£ <9 > B##ffl pick-up will be performed. 

X(DEh&yt t f&Bfiytlz.tt!fc L In other words, it corresponds to the excitation 

"C C C D 1 8 SrrtlS Ltttikfo light and the illumination light in a time division. 

{c «fc >9 B##lRJ"C*3H^;& ?; fT An image pick-up is performed in time slices 

t>ti& 0 by the image-pick-up apparatus 4 containing 

CCD18. 

[0 0 2 6] [0026] 

r. <D «fc o iz. LXWiJttD o Thus in the fluorescent, wavelength (lambda)1 

X 1 t X 2 s £ b Idil^jlHt and (lambda)2, furthermore the image-pick-up 

as&ii<£>flH&i£g4 \Z- &. V huIS apparatus 4 with a usual shared image, 

1/7 2 0 S £>JH#|CDi£#tf5 1 synchronizing with the blinking of the in other 

/\ 4 4 0 SO/i$k o^>9lj words excitation light of the period which is 

WtWRmzmn LXm&it^ 1/1440S, half of the above-mentioned period of 
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t>ii£SI£t'i<5 e , R, G, 1/720S, conversion is carried out to an image 

B©#J8Ettl/9 0 S-3o» signal. 

£2x-5# x 1/1 44 0 In addition, each illumination of R, G, and B, 
S (DMM~Z%& ] 0 IBc^-itt^ continuous illumination is carried out each 
ftZ>° 1/90S. 

However, it repeats at 1/1440S periods, and it is 
read out. 

[0 0 2 7] [0027] 

JLCDJ: o \Z.KMt£.W&$g J %i: 2 Thus the two-dimensional lock-in amp 5 
Hkyvti -y $ 4 l/T^szf 5 T*S/ performs a high-speed image signal an 

improvement and amplification of S/N. 
^5t®&O^^U:te:f^8££-£fc When a blinking is carried out especially in 
m^(Dm t <P®{fe£M#lH] the case of a fluorescent image by the image of 
S§2 3 T'i^If 5r<b(Cj; bright and dark differential process in the 
oT, ^^(cMIS^^y -Y X£ differential circuit 23, influence of a noise 
7H$fc{£Ji&T'±# < ft -5 1/ unrelated to a blinking or 1/f noise which 
f J 4 X(D&*g>$:±^z.i&ffi.ik becomes large at low frequencies especially 
X*#. ^oT^ii^^^S^cr) can be reduced sharply. 
W;Slzi) S/NO&V;£3fclHi> Therefore also in the case of a slight 
fa-^-££fiSt-C# <5 0 fluorescent image, the good fluorescent image 

signal of S/N can be generated. 

10 0 2 8] [0028] 

zi53-|H]8£2 3*^tlj^ Therefore, the fluorescent image signal output 

&rLZ>%ytW&lt ^tm^mm from the differential circuit 23 can be set as the 

(DWiiM.it (DM ^i-^bUt^^ level which does not become extremely 

Tls^7>x.\zt£%Z.k.<Dt£\^ unbalanced, from the level of the image signal 

U^W-t££T-f 5 0 o£ V) , of a usual observation. 

2ifk7t;D v!?<< ^7^7*5 £il Since the signal level of a fluorescent image 

i~Z.biz£ 'O^t/tMikt^^M and a usual image can be arranged to some 

&<D{t-%ri<"<s\'$:fo2)&&Wiz. extent by passing through the two-dimensional 

bti&(DX\ &%'m<&L(D\"<jv lock-in amp 5 in other words, since the circuit 

£r±lf Z>tz#>\L s it ^rfeM^ft which raises a gain sharply in the middle of the 

<D&$>lzj:$jkl l z./f 4 >$:±lfZ> signal processing system does not need to be 

Is]S§£lxtt5!&^&V^T*> provided in order to raise the level of a 
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^:<DX.o ft^a* (cil^M^iliji? fluorescent image, in such a case the halation 

U^Lfi^^i"^^^^— iss 1/ often generated by the usual image side, 

bti^%tt\1r<0$&*Et£}£%'%1ifa generating of burning, etc. can be prevented 

{cBSitT?#5o effectively. 



[0 0 2 9] 

(SfirilllR^J: 0 try h*i«# 



[0029] 

Since a fluorescent brightness (strength) varies 
with a laser intensity of light, the kinds of 
fluorescence agent, fluorescent generating 
efficiencies, etc. most, it may be made to 
change gain by the frequency of integrating of 
an integration circuit 24, and the process by the 
digital window depending on the brightness of 
an observation image. (The number of bits 
increases by the frequency of integrating a gain 
is changed according to which part of a bit data 
are cut off from this data.) 



[0 0 3 0] [0030] 

Z(DX o lz^^tstitzW4&4*-%r Thus the amplified image signal is an image 

liifefel^l 6 T% i&yt^t processing device 6, and is divided into a 

ii^ > fe^^(t> #^^^IL, fluorescent and usual image. 

iS^l^ili LfclH^'T*— 9 Each is processed, and conversion is carried 

£ h\^^— >zft— XB3 out to the image data suitable for a display. 

2£3 OT^fiicL, ^ — 9 8 Furthermore it synthesises in the superimpose 

TF-f&o circuit 30, and it displays on the monitor 8. 



[0 0 3 1 ] 

9, i^WMl 1 , 12f 



[0031] 

Diagram 2 shows the fluorescent characteristic 
when irradiating excitation-light (lambda)O. 

For example, by the normal site, the strength 
of the fluorescence of the tissue obtained by 
442 mm excitation light is strong. 

Compared with a normal region it is weak at 
the side with a wavelength short in a disease 
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ltjEfttm<0&&bfii&iRtiL<B part. 

t T-ttgft&gOJfc W£ Since the case of a normal site differs in the 
?£Z><DX\ Z.<DX 1 , i 2 T* ratio of a fluorescence intensity from the case of 
<D'gytfe&<DSkm : &#ibZ>Z t a disease site by wavelength (lambda)1, 
X-mmU&tjEftmiLZg.ftl-r (lambda) 2 in a diagram in other words, a 
•5ri:^x*#5 0 disease site and a normal site are 

distinguishable by measuring the ratio of the 
fluorescence intensity of this (lambda)1, 
(lambda)2. 

[0 0 3 2] [0032] 

Z(Dtz£>^ $.&X 1 "C|§^£ti For this reason, the calculation which measures 

/cMft&r&ft'H'-S ~7 ^ the difference in each image part to which the 

V 2 6 t, X 2 T*iH££tlfc® both image with the frame memory 27 which 

i?rl&ll l it57l'-A^^l)2 stores the image recorded by the frame 

7 t<DmW&tem%mm2 9T* memories 26 and 2 (lambda) which store the 

ttJfc-tZ&W&UftX^ft&jfr image recorded by wavelength (lambda)1 

fc&MWftfifrti^ ZtD^ftfa corresponds in the calculation circuit 29 is 

M £ intz tt^t§:£ $ titzi&SkT performed, and it judges whether it is below the 

fr^fr&^m U 0!l;tfitS!!£fi£ value to which this processed differential value 

SXT<Dmmz.ttLXlt^(Dmt& was set. 

pfl^l^^LTteflEiJ LJaV^fejf For example, the chrominance signal which 

^r&ltiJj L, 7,—/<y{ vifs—X t enc j s to carry out an identification in relation to 

0SS3 0 %&xm%;m&\Z)$ the area part to the area below a setting is 

u mfemzxj ttez>mmu<D output. 

°S1fe&<DlbZ>ffi®$:&xm%\X The identification of the area with the 
# 6 <fc o \^-f%> 0 possibility of the disease part which becomes 

below a setting in relation to a usual image 
through the superimpose circuit 30 can be 
carried out by the colour. 

[0 0 3 3] [0033] 

— ix^fiti, ±<7>iH£<D#-£ On the one hand, in the case of the image more 

iull^ijilfif l. 1 t X 2 X than a setting, the both image recorded, for 

Wik£titzffiW&%1)nWLXx example, by wavelength (lambda)1 and 

— /<W ^zK— X[5]S& 3 0\cmt) (lambda)2 is added, and it outputs to the 
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L % iiS®^(^M' < '5 «fc 0 superimpose circuit 30. 

TfeHHsl^:^ — '"W V/tf— XL, The superimpose of the fluorescent image is 
2 o COSHES: -^ — ^ 8"C^^i" carried out so that it may arrange in a usual 
5 0 image, and the image of two is displayed with a 

monitor 8. 



[0 0 3 4] 



[0034] 

Of course, it displays similarly below the setting 
value. 

And it may be made to display the area below 
a setting by the colour which is easy to identify. 

Furthermore, a usual image and the image of 
one wavelength are chosen and displayed. 

Moreover, it may be made to provide function 
of displaying the two fluorescent images side by 
side. 



[0 0 3 5] 

&iI<D C C D 1 8Xtl O^ttf 

m l x m 1j <d m & * m. ^ x # 

5o 



[0035] 

According to this 1st embodiment, while 
imaging a fluorescent image and imaging a 
usual image can be performed by shared 
CCD 18, S/N of a fluorescent image can be 
sharply improved by passing through the two- 
dimensional lock-in amp 5. 

Since the imbalance with the signal level of a 
usual image is reducible, generating of burning 
etc. is eliminated and both images can be 
displayed. 



[0 0 3 6] [0036] 

X, Wi^i%^X^%^.ti^% Moreover, since a photograph of both 

^.(DWiJj^Wi^X^ 50t% & fluorescent image and usual image can be 

£P ]) =£- 1st-— \s 3 1/ t taken with simple composition, both function of 

m^^tm^(Ommti^^^ a good orientation and a fluorescent high 

U <fc *0 ^^M^^Wi&TfW. sensitivity observation is provided, and a more 
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$£ffi*Ifiib?£2>o accurate diagnosis and an observation can be 

performed. 

[0 0 3 7] [0037] 

l£ tz \ pP t ti^ J %%±M.% £: Moreover, since the shared usage of an image- 
5 <DT\ PIBHt(c pick-up part or the signal processing system 
^/S"C# 5 §£fi hX*£ can be carried out, the apparatus which can 

<5 0 Z(Dl£ l ^J&#j~C{2 correspond to both images is realizable at low 
CCD18TffiKLfc^ CC cost. 

D^OCMD, SIT, MO CCD18 is demonstrated in this 1st 
sm<DmftWL&m**m^Xh embodiment. 

However, solid-state image sensors other 

than CCD, such as CMD, SIT, and MOS, may 

be used. 

[0 0 3 8] [0038] 

2 mMfflZmW Next the second embodiment of this invention is 
1"5o H4<CV^UBI8tt*»W demonstrated. 

2 ltW:ff 9 , B 4 Wt£ Fig. 4 or 8 concerns the second embodiment 
2 ^WJro£tt«§s5^«©«fi£ of this invention. 

£r^L, (2I 5 f£KjfEfftf£IE£l£:^ Diagram 4 shows the composition of the 
L, HI 6 \iytMM$i^%k<D 1 0BJ fluorescent observation apparatus of a second 

B 7 f43t»a!^^a© embodiment. 
ftilcD^J^ U BI8 fiftSStR Diagram 5 shows an explanatory drawing of 
^&<DM;&&l$:7jk1r 0 ~(DmM operation. 

^Jfi®3t*tii^OW5$^ Diagram 6 shows 1 example of light-source 
J£C, mW-^mzmffli-Zm* choice means. 

Diagram 7 shows the other example of light- 
source choice means. 

Diagram 8 shows the example of 
wavelength-selection means. 

This embodiment shows the example which 
controls the frequency of integrating, depending 
on the brightness of a fluorescent image and a 
usual image. 
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[0 0 3 9] [0039] 

^^^fiii^^f-it^SftTBf While a fluorescent image becomes very dark 

< ft 5 t t hlz, ^<D^%(D^ compared with a usual image, the fluorescent 

5 £fi> S&3§&^ % 3&£<Z5iSv\ brightness is the difference of an excitation 

e£$#£H?WlwJ:5*#, -e wavelength and strength. 

©l^^lIfCiotfftt It varies with a self-fluorescence, the 

So *HJfi^J"CJ±±fBOwi: < fluorescence by the chemical agent, the kinds 

&yt$L<DWZ>£&&{kL, fift of the chemical agent, etc. 

tiBLb<D&Z>£<D&\'kti*$£ikl'X In this embodiment, the brightness of a 
£>#^ (D^<DW\j? & fk& fluorescent image varies as mentioned above. 

i~5 0 Even when the ratio of the brightness with a 

usual image varies, both of each images are 

displayed satisfactorily. 

[0 0 4.0] [0040] 

*HJ6W©^3t»SHSll4 OH With the laser 41 which generates excitation 

J5&3!25fc3r^£1"5 u — if 4 1 light, the fluorescent observation apparatus 40 

t, mi£Bmjt*:%>±1rZ> z 7> of this embodiment, the lamp. 42 which 

7° 4 2 <b N Btj|S®S5tX(i^^ generates a usual illumination light, light-source 

jtSrSS^il^-^53feM^¥- choice means 43 to choose suitably above- 

S4 3h ±lE#3t mentioned excitation light or an illumination 

3tdflSJftL % ^coSltTt (il^) light, image-pick-up element 45 (for example, 

Xtt£#&*t* 1^X4 4 Srii CCD, CMD, SIT)) which irradiates each light to 

X^WOkt LX^kiH-t ^b^^M^ the organism tissue 3, and detects as image the 

4 5 (Mz_\fC CD, CMD, reflected light (usually) or fluorescence through 

SIT) SufESltTfeXfi^ an objective lens 44, wavelength-selection 

% SrSiRi" 6 fa&M^R^fk 4 6 means 46 to choose above-mentioned reflected 

mt^M^M^-A 5 ^ri^^(c light or the above-mentioned fluorescence, the 

0 — 2 0 0 0 7 V—J± driver 47 which actuates the above-mentioned 

/ S xmWii- 5 K5^^4 7 image-pick-up element 45 by 30-2000 frames/S 

iulE^^SiR^I* 4 3 t& at high speed, above-mentioned light-source 

S:M%l^%k4 6 , \?ys('/<4 7 choice means 43, wavelength-selection means 

ft|p]JWffi!l1W'*"5ft!lfflllHlK48 46, and the controlling circuit 48 which carries 

ts mJlESH&^^f- 4 5 %Ti/# out synchronous control of the driver 47, a/D 

- ^ H f M 6 A / D f converter 49 which carries out conversion of the 

3§4 9 dor i/& jv^f—Z above-mentioned image-pick-up element 45 to 
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£.^1-5»^2f 5 0 t, SulH 

6i§3m£!i! l <DW&* ^E!)5 
1 ^^2(Dl§>^y 5 2 [CM 

vftrtz^^f-yutfs 3 

<!:, MiMi**}) 5 1,5 2 
IeJSS 5 4 <h x 

-i?5 5 t ii9^$tLS 0 



[0 0 4 1] 

if 4 l^J:5ib^3t^ 

ii^3M#4 3 -cg^dji^i- 
So ±mm 3 co^^^r 3 a m 

hM3(D7jki-X 1 , A 2 , m 

3M£4 6-eiIiRU ^tlZWi& 
D'£&&, S3fE§g 5 0 X*%%R. 

5 1-, iittttM2 0Bife^ 

xjggg 5 4 t-#* Mite 

So 



digital data, the integrator 50 which carries out 
integrating of this digital data, the multiplexer 53 
which distributes the usual image by the 
fluorescent image and the fluorescent reflected 
light by the above-mentioned fluorescence to 
the first image memory 51 and the 2nd image 
memory 52, it consists of the superimpose 
circuit 54 which synthesises the image of the 
image memories 51 and 52, and the monitor 55 
which displays it. 

[0041] 

The excitation light by the laser 41 and the 
illumination light by the lamp 42 are first chosen 
suitably with light-source choice means 43. 
Matching the fluorescence or the reflected light 
generated from disease part 3a of the organism 
tissue 3 etc, a wavelength (for example, if it is 
(lambda)1, (lambda)2 which Diagram 3 shows 
if it is a fluorescence, and an illumination light 
as it is) is chosen with wavelength-selection 
means 46, and this is received with the image- 
pick-up element 45. 

This is integrated depending on the brightness 
of a fluorescence and a usual image by the 
integrator 50 after A / D conversion. 
A fluorescent image is distributed to the first 
image memory 51, and a usual image is 
distributed to the 2nd image memory 52. 
Each image is synthesised in the 
superimposition circuit 54, and it displays on the 
monitor 55. 



[0 0 4 2] [0042] 

HI 5 itm 4 <n*£Mm<D * 4 % y Diagram 5 shows the timing of the embodiment 
y*7jk-to if, fiiif 4 5 in the diagram 4. 
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%m?L\f 1 807 U — k/ s -e 

*?tmw% (xe-est) ©j» 



First, high-speed actuation of the image-pick- 
up element 45 is carried out, for example, by 
180frames/S. * 
Supposing it raises a fluorescent image by 5 
times sensitivity in relation to an observation 
image, as shown in Diagram 5, the irradiation 
time ratio of a laser and an illumination light (Xe 
shows) will be set to 5 to 1 . 

The sensitivity of a fluorescent image can be 
improved by matching to this and integrating a 
fluorescent image by 5 frames to one usual 
image. 

In addition, W in Diagram 5 shows the 
illumination light for a usual image. 



[0 0 4 3] 

m 6 \*&&m$l^& 4 3 <D-m 
£^-To 16 (a) (DX O^U 
—If 4 l 2<D%Mtf 

K5 6©i5S:3fe(ilil:»U 
fjg*£5 6tt, El 6 (b) d^-T 

ft 5 7 fc, 3fc«rR*ti-«KW«l 
5 8i**>5, *ft*h,a*£UJ« 
5 9 tiittLT, 3fflft5 7(7) 



[0043] 

Diagram 6 shows an example of wavelength- 
selection means 43. 

The surface of the rotatable rotation board 56 
is situated on a certain angle to the optical axis 
so that the optical axis of a laser 41 and the 
lamp 42 may be in agreement, as shown in 
Diagram 6 (a). 

This rotation board 56 has the permeation 
window 57 in which a part permeates a light as 
shown in Diagram 6 (b), and the reflective 
mirror 58 which reflects a light. 
Each is interlocked with the projection part 59. 

The angle at which the permeation window 
57 opens varies. 



[0 0 4 4] [0044] 

oj^ w <Z)[el6MiK 5 6^7f In other words, the projection part 59 is moved 

y h'l/Jft—f 6 0 "ClHl$5£-ar in the groove 62 installed in the micro stage 61, 

oo, 7^^a^7-^6 Hz. rotating this rotation board 56 by the stepping 

«l0f+Jt6)^fc*6 motor60. 
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5 9 £®j^U 2iifi&©a&& The ratio of excitation light and an 
i£;i<5 w t X'tifoj&ytb, MWJt illumination light can be changed by changing 
c9#J-£ &M4t£-&Z>Z.ki>iT'H: the angle of the permeation window. 
Z>oM$)teM'&\zWL'£.£titz& s Groove 62 is retreated after setting it to the 
m & 2 fiilig £ tl. 5 9 suitable ratio. 

£ ft&V^ttisJ:: £ ti%> 0 it is made to be the state where the projection 

part 59 is not inserted. 

[0 0 4 5] [0045] 

H7fii£;ljl^3M£4 3tf?SUtf) Diagram 7 shows another example of 

— ^J/SrTf^o u—^rA 1M7 wavelength-selection means 43. 

>:/4 2<DM{ClE^-v--Y •> * 6 The electronic shutters 63 and 64 are 

3 , 6 4 ^rElL, -^©1^ configured before the laser 41 and the lamp 42. 

is'-* y 9 6 4 KifiKteSSS 6 5 The inversion circuit 65 is added to one 

SrtttinU 2ool : f'>f>^ electronic shutter 64. 

6 3, 6 4 ~kK^MMt^> w £ Light can be alternately given off by inversely 
T'£ 51 lc 3fc £ l±l -f r. t ifi T* # controlling the electronic shutters 63 and 64 of 
-So i^ft^-T 9 a 4 y9 \ two. 

7—6 6 {dJ: <9 (r| — This light is guided to the same optical path 

< o by the dichroic mirror 66. 

[0 0 4 6] [0046] 

IH 8 f±&fijS&^ia: 4 6 (D&fe Diagram 8 shows the example of wavelength- 

&l%7jk-t, 118 (a) ^Tjk-fX selection means 46. 

5 ^<£>&ftjI#^3M§: 4 6 liJSj As shown in Diagram 8 (a), this wavelength- 

y h-f5>% y V 7 j ;v selection means 46 consists of the cut filter 67 

9 6 7 t . Wi%^. 6 8, TNt which cuts excitation light, and the liquid-crystal 

6 9 , io y 7 0 «£ 9 filter 71 which consists of a polarizing plate 68, 

]&<5*£b b b7^/u* 7U Ufllfig the TN cell 69, and the colour polarizing plate 

£ti-5 0 70. 

[0 0 4 7] [0047] 

H3 8 (b) o\Z.W.bb~7 As shown in Diagram 8 (b), the fluorescence 

4^9 7 1 fiON^t^T-*7— which corresponded to the wavelength 

Myt$.<D$.-§:%ffeizttfc Ltzik characteristic of a colour polarizing plate in the 

3fc#3§iS L (0>J*.fcf M Xfi A state of ON permeates the liquid-crystal filter 71 
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2 ) , OFFtfclffi"Cf4±"C©8E (permeating the light of all wavelength areas, 
JHM£©3te£:2ii&L, ai^Tfe^r for example, in the state of (lambda)1 or 
5 (ei3g< 0 (Iambda)2 ), OFF), and an ordinary light is 

guided to the image-pick-up element 45. 



[0 0 4 8] [0048] 

Z<D%2^M&i\z£tLt£%kyt& Even if the brightness of a fluorescent image 

<D 0^5 £ t^itLX hMlft&k varies according to this second embodiment, a 

WiJot t>S#f \z&7jkXi* So $ usual image and both can be displayed 

b \Z , 12 1 satisfactorily. 

<£> 2&7t;c2 y ^-f yT^y^ria Furthermore, S/N can be more improved by 

Cl <h ~C<fc <9 S/NS: combining the two-dimensional lock-in amp of 

[p]JhT#5 0 the 1st embodiment with a second 

embodiment. 



[0 0 4 9] 



[0049] 

Diagram 9 shows the fluorescent observation 
endoscope apparatus 72 of the 3rd 
embodiment which applied the first and second 
embodiment to the endoscope, for example. 

The fluorescence observation of the intra- 
corporeal can be carried out by using this 
endoscope, and the screening of diseases, 
such as early cancer, is made. 

In addition, the same code shows the same 
component as in the first and second 
embodiments. 



[0 0 5 0] 

3 t, MI2 k, 2*%n 
y/y/s k, W**0fS 

^^5o rta«7 3 <dwa^7 



[0050] 

This fluorescent observation endoscope 
apparatus 72 consists of the endoscope 73 
inserted intra-corporeal, the light source device 
2, the two-dimensional lock-in amp 5, an image 
processing device 6, a timing controller 7, and a 
monitor 8. 

A light guide 75 is passed through the insertion 
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4 faulty 4 htfj K7 5#J¥ part 74 of an endoscope 73. 

^<D^ytM<D^Uit^t The edge part on the operator side is 

WMW. 2 tc^^c$ ft, connected to a light source device 2. 

2 d»&<BHB93 jfc&3! [ 3te1"5o The light-guide of the illumination light from a 

light source device 2 is carried out. 

I 0 0 5 1 ] [0051] 

ftflSSSfi 2 itm 1 ic^-f f£ 1 ^ A light source device 2 is nearly the same 

MWb WiWl DftfifcT-fc-So composition as the 1st embodiment shown in 

— If 9 (nmi&ytte*— 9 10a Diagram 1. 

T*Ete£3x5f-3 5//-? l 0 The excitation light of a laser 9 are made into 

T< , */\'Xytiz.£ti, 5 7—7 7 pulsed light through the chopper 10 rotated by 

a, [Hlfc® Id 5 J— UtMilkU motor 10a. 

(W\9X'n^MX'7^ir) tfcWi It respectively reflects with respect to the 

tf "bftfcHls ?7-7 7 b£>$ mirror of rotation mirror 77b by which the mirror 

v— lEX'^ti^tifcfriZtiXy part and the permeation part (a dotted line 

-f h^-Y K7 5 <D^7t®]<Dt&%$ shows in Diagram 9) were provided on mirror 

f£Att£ti5„ ^©0fe; 7— 77a and the plane of rotation, and incidence is 

7 7b (DlsifeltfJ * ^ carried out to the edge part in front of a light 

hn-5 7»CJ:9«B»$ixS. guide 75. 

Rotation of this rotation mirror 77b is 
controlled by the timing controller 7. 

[0 0 5 2] [0052] 

^fc, ^r-ir J isy s'-f l l Moreover, the light from a xenon lamp 11 is 

©3fe»4, ^—9 12a -ClgME* rotated by motor 12a. 

tb, 3tK±»iiB«$tlfcRGB It passes along RGB rotating filter 12 

0^:7 -i ;V9 1 2 Srii «9 , tc2& configured in the optical path, and incidence is 

-k\^M\-tz9 5: l/?X<D (0 carried out to the edge part in front of a light 

7 — 7 7 bco) j8i§£|$£r#I guide 75 through the permeation part (rotation 

XyJ h#-f K 7 5 (D^5ciliJcO mirror 77b) in the timing attained in the optical 

S£SRKAtt£ft5. 7>T h#>r path. 

K 7 5 <^^tc{I!|(DSS(5^AI^ $ The light-guide of the light by which incidence 

titztftfe^ A&($7 4#}f A£ was carried out to the edge part in front of a 

*L3ffcJ£rtfc3l3teL» 9t$&Mfr light guide 75 is carried out to the intra- 

b £ t>\Z.J&M \sl/X7 6 £HT corporeal in which an insertion part 74 is 
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inserted. 

A radiation is carried out to intra-corporeal 
tissue side through the illumination lens 76 
furthermore from the end surface. 



[0 0 5 3] 

i , nm%2 u^x4 4b, ^ 

5 StlS. 



[0053] 

The fluorescence generated from this intra- 
corporeal tissue and a usual light is image- 
formed by the cover glass installed in the 
observation port of an endoscope end, the 
polarizing plate 67, object 1st lens 44a, the 
liquid-crystal filter 71, and the image-pick-up 
element 45 configured through object second 
lens 44b at end part. 

A photoelectric conversion is carried out with 
this image-pick-up element 45. 



[0 0 5 4] 

^tMM%%\t-f^rvzri 9 

4 > T ^-f 5 3 A/ D 

2 o t s mmmmmm q 



[0054] 

This image-pick-up element 45 is actuated by 
the actuation signal from a driver 47. 

After amplifying the image-pick-up signal by 
which the photoelectric conversion was carried 
out with this image-pick-up element 45, with the 
pre amp 79, it is input into A/D converter 20 
which forms the two-dimensional lock-in amp 5, 
and the video processor 81 in an image 
processing device 6. 



[0 0 5 5] 

fT^^n-ir y f 8 1 (iii^* 



* — /<4 "stf— X0SS3 0' £ 



[0055] 

The video processor 81 performs the signal 
processing opposing to the image-pick-up 
signal in the case of the illumination of ordinary 
light, and a standard video signal is formed. 
It is output to a monitor 8 via superimpose 
circuit 30', and a usual image is displayed. 
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[0 0 5 6] [0056] 

— 25\ ^3fcldJ; Vlskii&.cStitzWt. After on the one hand carrying out conversion 

Wit 7§-fiA/Dl!^jHf 2 0 of the image-pick-up signal recorded by the 

v^/Wf titz fluorescence to a digital signal through A/D 

ft* ODDW7U-AtiEV converter20 

ENW7 u— -k^3rlEtt1~<5 7 For the frame memories 22a and 22b which 

U— A^^e- ]) 2 2a, 22b, store the frame image of ODD, and the frame 

Cltl^M^Sr^&SSrMTM image of EVEN, these differences are 

^ESS 2 3 , M# tB 73 £r*t :tH~ measured, it is input into the multiplexer 28 in 

2 4 &&xmi£L%±m an image processing device 6 through the 

6 rto-7/Wl/^t 2 8 differential circuit 23 and the integration circuit 

£ft5o 24 which integrates a differential output. 

[0 0 5 7] [0057] 

r W^/i/f^u ^t28 -CSW The temporary memory of the signal chosen by 

£tl1tjM-%r&-7 V— A^-=E- ]} 2 this multiplexer 28 is carried out to frame 

6, 2 7 iz— BffEtt^ti, Cft memories 26 and 27. 

b07i/-A^^!J 2 6 , 2 7 The signal of the two readout from these 

^K^fcB^ftT^otfHf-f-te frame memories 26 and 27 was calculated in 

m&m& 2 9 TiH£ ZthX, ffi. the calculation circuit 29. 

ffin&VWWmzjfcCtzii^Z. After making to a signal indicating the 

L/c^, D/A^&3§8 2T*T characteristic distinction of the tissue, After 

•7* p ?<D\t %rl£&&Lti& > fc* transforming into the signal of an analog with D 

7**^0 -fey if 8 3"CStfW«jfc / A converter 82, a standard video signal is 

f#H£ff -£r£r£j5£ U ^—^V > formed by the video processor 83. 
XESS3 0' {Cffi^-f^o It outputs to superimpose circuit 30'. 

[0 0 5 8] [0058] - 

■t LT^Jx.« % 5 <h And when it is judged for example, that it is a 

£JWLfcifrgH;:W3£3fefc3r4#£ disease part, a fluorescent image is output to 

(D&im-^r-exr-'t'f XE superimpose circuit 30' by the specific 

S§3 0' fdtBTJL, chrominance signal. 

ilS^ld^— y< — { y/ji— The fluorescent image is superimposed and 

XLT^^Lfc^, iIS!H& i: displayed with the usual image. 
i&ytWUg. £: £: 3£^< -5 J; 5 & * — Moreover, a superimpose process which puts 
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/<4 ^df — LT 2 ocoH a usual image and a usual fluorescent image in 

ftSrlSJ^Md^^Lfc O^^o ft order is carried out, and the image of two is 

nyt'a-^ 3 Ki^ 7 ^ 5 displayed simultaneously. 

t In addition, a computer 31 controls the timing 

V *K — X EJ K 3 0 7 3: r&H£p i"" controller 7 and superimpose circuit 30\ 

So 



[0 0 5 9] [0059] 

CC0^)ta^I^!a^^^7 2t£ According to this fluorescent observation 
cktU£\ M$fc<Dfafa$M&L<D{& endoscope apparatus 72, a fluorescent image 



can also be displayed besides a usual 
endoscope image. 

And, it can also display so that it may be easy 
to distinguish between the area with the 
possibility of lesioned tissue. 



[0 0 6 0] 

lot, ttffltf 

b i LT^x.tfi l roEHE^-v 
1 3 L 



[0060] 

Therefore, very effective means in the 
screening of diseases, such as early cancer, 
can be provided. 

In addition, in Diagram 9, plating or 
depositing can use the aluminium functioning 
as a mirror among the shading part of the 
rotation shutter 13 in the diagram 1, using as 
rotation mirror 77b. 

Moreover, a mirror is provided on a plunger. 

The plunger is made to move with a fixed 
period and the mirror is configured in an optical 
path. 

Moreover, it may be made to make it 
evacuate. 

Moreover, only a fixed angle carries out both- 
way rotating of the mirror. 

The mirror is configured in an optical path. 

Moreover, it may be made to make it 
evacuate. 
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[0 0 6 1] 

£ft«iglT-# 5 «fc 9 \z LT t> & 



[0061] 

Furthermore, when the light-guide of excitation 
light and the illumination light is sequentially 
carried out to a light-guide 75 side in time slices 
by the mirror, It may be made to be switched so 
that the light-guide only of one of them can be 
selectively done by manual operation etc. 

Performing like the above, only when 
needed, it is made to cany out a fluorescence 
observation. 

The same function may be provided also in 
relation to the other embodiment. 



[0 06 2] 

m l ORVm l l lirt!IS££j3 



NADHf4K*ftW4roA>$ k° 

x\ w^tm&nwmvtuz 
mmx$z> a mi omu i 

f±±fEStfjE>fc«>, NADH£ 



[0062] 

Fig. 10 and 11 shows the system using the 
endoscope. 

In the solar anastomosis" by the S shaped 
colon resection, it is important to know the 
metabolism of the anastomosis region from the 
implication which prevents the suture failure. 

On the one hand, NADH contained in an 
organism tissue is the matter which manages 
oxygen metabolism. by seeing this 
fluorescence, for example, the metabolism 
situation of a suture part can be diagnosed. 

Fig. 10 and 11 is an example which 
measures NADH, because of the above- 
mentioned objective. 



[0 0 6 3] [0063] 

£"f\ HI 1 0 Sr#fi8 LTfft^i" First, it demonstrates with reference to Diagram 

:^SiIl^fAl 10. 

Olfi, rtHil0 2t, %M This endoscope observation system 101 

3£ff 1 0 3 consists of an endoscope 102, a light source 

0 4 t , ^e — 9 1 0 5 t frbffi device 103, a signal-processing apparatus 104, 
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fi5c£tt5e and a monitor 1 05. 

[0 0 6 4] [0064] 

%WMW 10 3 \$&&%M 1 0 A light source device 103 builds in the white 

7MU Z<DMWftfe±iz light source 107. 

N ADH£riib£B'1~'53fe£:iii!£ Evacuation is provided the band-pass filter 

t5^>'K^7^;^ 1 0 8 108 which passes the light which excites 

-6 s > ^JxJi'^E— $ 1 0 9<75[n]ib NADH, possible, for example, by rotating of a 

(Cck 9 iiiliSpIi^iSttT&So motor 109 on the illumination optical path. 

Z(Dy<'y Y'**~7 4 10 8 A condenser lens 110 is situated on the front 

(DttiJiiiLWUz.^ yf>-^ wyX position of this band-pass filter 108. 

1 1 0^iEff$ti> JtWMWl An illumination light is supplied to the front 

0 3 7 4 blf'f K side end face of the light guide 111 in which a 

111 W#5cftiJJg©^fiSW5tS: light source device 103 is loaded. 

a. 

[0 0 6 5] [0065] 

l*3ft$ft 10 2 (csStt bfttcZ<D This light guide 111 provided on the endoscope 

7^ h#W Kill fi> ©Jtttf) 102 is passed through the inside of the soft 

if A&R1 1 2 F*3 i§ £ ti>, 6 insertion part 112, and white light or excitation 

&&hZ> V Sr^st U light is transmitted. 

SfcClftOap^j&tcgjl 0 #tf bti It radiates from the front end surface installed in 

tz%^Mfrhm35\Z.\&%$ £tu the illumination window of the end. 

&lz-\-£±B 113 1 1 For example, it is irradiated by the suture part 

4fc.RMtt£iriZ>o 114 of large intestine 113. 

[0 0 6 6] [0066] 

B&%<DWL%i%-$Z.\-l ; &%\-X9t%k The reflected light or the fluorescence of white 

U<D&M&\zM <0 ttrttcftya v light is by the objective lens 115 installed in the 

>"X l l 5 \z. <fc <9 ^(DM.MM\z. observation port of the end. An image is formed 

SEfi&tl/fc-if > — *Ji3<i Kl 1 on the end surface of the image guide 116 

6 (D^ci^M^^^So LT, configured in the focal plane, 

roo^f pL—i/jM K 1 1 6 tci And, the image by the fluorescence or the 

9, ^telciSte&SV^ttKtt image by reflected light is transmitted to the 

#KJ:Sfe#¥7cffi!l0>&*ftffite. back side surface by this image guide 116. 
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[0 0 6 7] 

iJ y h-f-ZZ y 1 1 

7 k, ^UVXl 1 8 k. C 

cd 1 1 9 tim*mmtsft* 

Z<DCCD 1 1 9t*)fetfi$ 

titcit^mt^mm^ i o a 

ft(DCCU 1 2 OlCA^tK 
CU 1 2 0&H9 <D2Hk7ZO y 

So 

[0 0 6 8] 

f&#*Q!JBlHl& 1 0 4 f4, ±12 C 
CU 1 20t, rcOCCU 1 2 

<D**y 121 \z.&ftkMHi<o 



5*>f 5 ho-7 1 2 

2t, mj5<nmm.$: j &i&'fz>* 

-s<-J ^jK-X0K 1 2 3 £ 



[0067] 

The cut filter 117 which opposes this back side 
surface and cuts excitation light, the image- 
formation lens 118, and CCD119 are 
sequentially configured. 

The signal by which the photoelectric 
conversion was carried out by this CCD1 1 9 is 
input into CCU120 in the signal-processing 
circuit 104. 

conversion is carried out to a video signal. 

This CCU120 also has function of the two- 
dimensional lock-in amp 5 in the diagram 9. 

[0068] 

Signal-processing circuit 104, above CCU120, 
memory 121 which carries out storage of the 
image of a fluorescent image and each usual 
images, the video signal output from this 
CCU 120 , the timing controller 122 which 
outputs the timing-control signal which controls 
an opening-closing of the band-pass filter 108 
in order to separate a fluorescence and a usual 
image in this memory 121, and the 
superimposition circuit 123 which synthesises 
both of images. 
It consists of these. 



[0 0 6 9] 

:ortfi<^fA 101 ©fls 



[0069] 

Since it is almost the same as that of the 
above-mentioned fluorescent endoscope 
apparatus 72 about an effect of this endoscope 
system 101, it is abbreviated. 

Moreover, the same is said of the effect. 

In addition, it can apply almost similarly in a 
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hard mirror besides a soft mirror. 

[0 0 7 0] [0070] 

Bfcmia 1 1 ^H^v^x A 1 Next the endoscope system 131 in the diagram 

3 1 &!&m-t&o #3!»Jti:£' 11 is demonstrated. 

3t®fc£r#5tf>-ef;tft< , rtft This embodiment carries out a light-guide with 

$^<£>f"-t V-^/^l*ll£ff i§ the optical probe passed through the channel of 

— yX'M-Jt L, -?:£>5fcj$£: an endoscope rather than it obtains a 

tt-S-WttJ^SattS*, ittSCfi fluorescent image. 

<9ffcat£rNADH<0^te'Cffi!l£ A suture site is made to contact the end. 

"t"-5$l"t;'fo<5o It is the example which measures metabolism 

of a contact site by the fluorescence of NADH. 

[0 0 7 1] [0071] 

^(Dfy^Mi/T-y- J^. l 3 1 fi, This endoscope system 131, an endoscope 

32i, £(Dl*3&fltl 132 and the light source device 133 which 

3 2£S£J$i3Jl3fc£#y£-fM supplies a white illumination light to this 

iitl 3 3t, ^©rtSil endoscope 132, the light-guide probe 135 

3 2©ft^l 3 4{cffii§ passed through by the channel 134 of this 

£lntz.M%~7 o —7" 13 5^ endoscope 132, the 2nd light source device 103 

~ 7° a— -f 13 5 tdjSb^ which supplies excitation light to this light-guide 

3 JB 2 (DftWBW. 1 probe 135, the detector 136 which detects the 

03i, i^3t7°n— ■? i 3 5 x* fluorescence by which the light-guide was 

*#S;fcfc£3te$rttttl1'3tfctb carried out with the light-guide probe 135, the 

Si! 1 3 6 ^ICO^tU^fi 1 analyser 137 which measures metabolism from 

36CJ;i5 &m Sftfc^tJ: 9 the fluorescence detected by this detector 136, 

ftat£3fc#5##f^ff 13 7 and the display device 138 which shows the 

t, ^(D^^Tjk-rm^mWii result 

3 8 «fc Ufllfifc$ix5. £<B#W It consists of these. 

$£|E 13 7 (iH 9 CO 2 <^7t;n y This analyser 137 has function of the two- 

9 -Y yT>Zf5(Dffltn£%:ft-f dimensional lock-in amp 5 in the diagram 9. 
5 0 

[0 0 7 2] [0072] 

3 2fi, &BST*$W4© An endoscope 132 is long and slender and a 

*¥A§R1 4 lrtldy-Y h^f^f K light guide 142 is passed through the soft 
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1 4 2frWm£ti, w©7^ h insertion part 141. 

13 -i K 1 4 2 £>^5t«8S|H;i3t The front part of this light guide 142 is 

WUkW. 1 3 3 Id^^^ix, fi-fe connected to light source device 133. 

3tM 14 3^b« E3-fe3fc/^ ^ > White light from the white light source 143 is 

w->X 14 4 £r:fr LT#^ supplied via condenser lens 144. 

7f&£ft<5o ^<D&&ytltffAU This white light radiates from the illumination 

1 4 1 <Dft$$5$V,<Dm?R&frtbm window on the end of insertion part 141. 

ZfrKfcfcilt £iv ^iJx.l^li 1 1 For example, it is irradiated at the suture part 

3 <Dm^U 1 1 4 m^mM^ti 1 14 side of large intestine 113. 
5 0 

[0 0 7 3] [0073] 

1 1 4ftiJ-C£&f £iifcft The light reflected by the suture part 114 side 

itM^siz^L^Hntcn^o^y is, by the objective lens 115 installed in the 

X 1 i 5 {z J; K) ^(Otfk&M \zM observation port, an image is formed at the end 

W&titz^ * — h'l 1 6 surface of the image guide 116 situated on the 

©5fe»iB^4ft*rtt^. focal plane. 

K 1 1 6 T*^iS®lC'|5 It transmits to a back side surface in this image 

^ii^yXi 4 6Srt guide116. 

LT£HiT\ &£>tffi 1 1 4$]£- With the naked eye, the suture part 114 side 

Z> 0 can be observed via an eyepiece 146. 

[0 0 7 4] [0074] 

wGDrt^I^l 3 2(D^-y V^)V The front of the light-guide probe 135 passed 

1 3 4 WfiiSJxfcatote^n through the channel 134 of this endoscope 132 

— Zf 13 5 <75^7ciRiJ(4 2 is branched into two. 

t$.£ti, -^liMtl0 3 One side is connected to a light source 

fc, f&^fi^tti^S 13 6 device 103, and another side is connected to a 

8c£*i5 0 detector 136. 

[0 0 7 5] [0075] 

0 3 1*01 Of This light source device 103 is the same 
composition as what was demonstrated in 

0, »JB3te«:iS*U Diagram 10. 

;H 3 4 (D9cmmQfrb£tii1r The light-guide of the excitation light is carried 

53te«S3ffj&»?3, wO^SSSffitcft out. 
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ftfei"5*&&$U 1 1 4{IHci»3tL The excitation light which carried out the 

fcja&ft&HSIH- So **£-SB 1 light-guide to the suture part 1 14 side contacted 

1 4fflyd»k<ft@ibfcfiw<DaiSft to this end surface from the end outlet of 

— zf 13 5 T'^-TcW^Tt channel 134 from the projecting end surface are 

Stis Wi&%**>y Yirhtiy irradiated. 

h7-f 117 SrMTtfeffl* The light-guide of the excitation light from the 

1 4 7 "C^iaj$ti5o ^liJ^H suture part 114 side is carried out to the front of 

fc®£eftWft*fi##T!£© 1 3 this light-guide probe 135. 

7T*##r£tU ^gfl 3 8 Detector 147 detects through the cut filter 

X'^Tjk £ tl 3 o 1 1 7 which cuts excitation light. 

The quantity of light of the detected excitation 
light is analyzed by the analyser 137, and it 
displays by the display device 138. 

[0 0 7 6] [0076] 

r£k N ADH(D&yt(D{&, in addition, a near-infrared light besides the 

^3fc£M£v\ f- u— is,£$y fluorescence of NADH is used, cytochrome is 

MLtzV % U"— If K-> tr measured, and moreover, blood flow is 

X-faM&fflfeL* ftHt&JfcftT measured with a laser Doppler instrument, 

k&i^o 7^jo % _hiig Lfc#HJffi Metabolism may also be measured. 

#!l^£^#^^T^J^^;fr-£T In addition, a differing embodiment which 

<5 ^$S#ll LT <b H combines each above-mentioned embodiment 

V \ in partial etc, may be constituted. 

[0 0 7 7] [0077] 

[$MI!©3b*] [EFFECT OF THE INVENTION] 

Wilft^ Lfci? (-^^^l^=t As explained above, according to this invention, 

tU2\ ii^flSWfttJB&SftfcRt usual and excitation light is irradiated in time 

#fjT?flBatU *MMfclwflS3t£ slices. The image which chooses the 

titzMPRytXfeEh&ytliZ.XZ)^ observation image by the illumination light or 

&i$>Xl*'gyt@t%mtfl^tkX*m the excitation light irradiated to the target object 

$lLM$l£1nitWi@L&yt?&%ib or a. fluorescent image with choice means, and 

I*l8j£-£T\ ^iicojfHi^M&T* was chosen is synchronized with optical 

IIIXIlSM^ItU r irradiation. 
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tf>!8&^§:{£ <£ 9 Lfc®^ An observation image or a fluorescent image is 

5r ^ @H^#k§I^J*(c: X 9 'J?t£ < recorded with shared image-pick-up means. 

t t*3t§fet*fLTJi^^AD.S With the image recorded by this image-pick-up 

^£rfr LTl x 5©"C % means, since image-processing means is made 

#ii©iiffc^a"C*3tiSfttii to perform a differential process etc. in relation 

t 5 i: to the fluorescent image at least, since S/N of a 

Itfel^ti^tM^S fluorescent image is sharply improved by 

/N^r^ctefcrp^LTV^S© image-processing means while a fluorescent 

X\ MlftWii&b £>fil u^i/O and usual image can be recorded with shared 

^^ A *7>'*S:^/h"C#* 3£o image-pick-up means, the imbalance of the 

Xs^Xs— is a >^<D^|££;B£ji: signal level with a usual image is reducible. 

X% 5o Therefore generating of halation etc. can be 

prevented. 

iSffiWflMMtlftWJ [BRIEF EXPLANATION OF DRAWINGS] 



[Hi] [FIGURE 1] 

% 1 MMm<D^^tm.^MW(D± The entire block diagram of the fluorescent 

flti$J$.M 0 observation apparatus of the 1 st embodiment. 

Ii2] [FIGURE 2] 

1E^1& bM'VzM'DWi-a^-Sotf %> The characteristic view showing 1 example of 

^tcS&S&^O 1 W&Tjk-fftte. the fluorescence-intensity distribution in the 

l^lo case of a normal part and a disease part. 

Ii3] [FIGURE 3] 

Wil'MM&l(DM{ / EWLVMRi<D?'( The timing chart for description of the 1st 

* ^ + ~" h 0 embodiment of operation. 



4 ] [FIGURE 4] 

=W8WO!B2^i60!|O^3t«fS5 The entire block diagram of the fluorescent 
^ft£>±#}t$clI!o observation apparatus of the second 

embodiment of this invention. 

[i5] [FIGURE 5] 
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W>2%Mty\<DW}V?$fiR^o Explanatory drawing of a second embodiment 

of operation. 

[06] [FIGURE 6] 

XMMtil^MkO) 10!|£7F-ff£$l Explanatory drawing showing 1 example of 
0 O light-source choice means. 

[07] [FIGURE 7] 

ytMM$l s £Wt<OitiL<D&l%7Fl~$i, Explanatory drawing showing the other 

example of light-source choice means. 



[0 8] [FIGURE 8] 

$L&M$i^Wt<D ^W-M^Tf^irWL Explanatory drawing showing the example of 
§^0o wavelength-selection means. 

[0 9] [FIGURE 9] 

^^Vfl<Dl£3MMffl?)i!kytfaffl. The block diagram showing the composition of 
t&^W ( VMrf&'%:7F't' j M$Mo the fluorescent endoscope apparatus of the 3rd 

embodiment of this invention. 

[010] [FIGURE 10] 

^^(Dj^m^U<D^m L The block diagram of the endoscope system 
tcfaffifei/^T A©MI„ suitable for a diagnosis of the metabolism 

situation of a suture part. 



1 1 1 [FIGURE 11] 

010 (D^Mm^ir^^Mo The block diagram showing the modification in 

the diagram 10. 

[012] [FIGURE 12] 

^^©fMiSIWift:! The entire block diagram of the fluorescent 

$c0 o observation apparatus of a prior art example. 

[ft-%<DmW ] [EXPLANATION OF DRAWINGS] 

1 ••^3t^,S^ff 1... fluorescence observation apparatus 

2 ■■•ftMMW. 2... light source device 
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3 -mi 

1 — 94 *yy=iy hn-7 

8 - ^--^ 

9- -U— f 

1 0 -3-3 yy< 

i i >7>y 

1 2-^l(D7^;V^ 

1 3"—EHE*>-t y * 

1 4'-?<<?u4 
1 

1 7-l2W7^;^ 

1 8 - CCD 

1 

2 1 

2 2a, 22b -7 U—A^^r 
V 

2 3-£#®» 

2 6, 2 7-7l/-A^^!i 
2 

3 0 — XESS 
[Hi] 



3... tissue 

4... image-pick-up apparatus 

5... two-dimensional lock-in amp 

6... image processing device 

7... timing controller 

8... monitor 

9... laser 

10... chopper 

11... xenon lamp 

12... first filter 

13... rotation shutter 

14... dichroic mirror 

16... objective lens 

17... 2nd filter 

18...CCD 

19... video processor 
21... multiplexer 
22a, 22b... frame memory 
23... difference circuit 
24... integration circuit 
26, 27... frame memory 
29... calculation circuit 
30... superimpose circuit 

[FIGURE 1] 
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v 5 2^7tny'7-rV7vT ^iSfltllW RS 



[translation of Japanese text in Figure 1] 
also refer to EXPLANATION OF DRAWINGS 
25 frame memory (RGB) 
28 multiplexer 

[i2] [FIGURE 2] 



Br 




AO At 
C44 2nm) 

[translation of Japanese text in Figure 2] 
vertical axis: fluorescent intensity 
horizontal axis: wavelength 
top line: normal region 

bottom line: diseased region 



[H3] [FIGURE 3] 
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[translation of Japanese text in Figure 3] 

(a) revolving shutter: open, closed, open, closed, 

(b) 1 st filter: closed, R, closed, R, closed, B, ... 

(c) 2 nd filter: (lambda) 1, (lambda) 2, none, ... 

(d) chopper: open, closed 
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[FIGURE 7] 




[translation of Japanese text in Figure 7] 

41 laser 

42 xenon lamp 

into 65 from control circuit 
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[FIGURE 4] 
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[translation of Japanese text in Figure 4] 



41 


laser 


43 


light source selection means 


45 


image sensor 


46 


wavelength selection means 


47 


driver 


48 ' 


control circuit 


50 


integrator 


51 


1 st image memory 


52 


2 nd image memory 


53 


multiplexer 


54 


superimpose 
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[FIGURE 5] 
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[translation of Japanese text in Figure 5] 
roughly 6ms, 180 frames/s 



driver VD 

light source selection: laser, Xe, laser, Xe, ... 

wavelength selection: fluorescent, W, ... 

integrator: 5 times, 1 time, ... 

2 nd image memory: usual image, usual image, ... 

1 st image memory: fluorescent image, fluorescent image, ... 

roughly 33 ms, 30 frames/s 
[06 1 ' [FIGURE 6] 
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[translation of Japanese text in Figure 6] 

41 laser 

42 Xenon lamp 



[08] 



[FIGURE 8] 
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[translation of Japanese text in Figure 8] 
(a) from control circuit 



(b) ON fluorescent image 
OFF usual image 
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[FIGURE 9] 
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[translation of Japanese text in Figure 9] 

28 multiplexer 

31 computer 

47 driver 

81 video processor 

83 video processor 
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[ID 10] [FIGURE 10] 



99/11/16 



46/49 



(C) DERWENT 



JP7-155292-A 



JI3 



r 



115 




1,2 ( I" j no *° ? 



MS 



117, 

118— f-O 
119- 



I04-'' 



10T 



120 

ecu 



— r~ 



IDS- 



■a*« 



[translation of Japanese text in Figure 10] 
inside 105 left circles fluorescent image 

r/gftf c/rc/es usual image 
next to 120 timing controller, memory, superimpose 
107 light source 
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[translation of Japanese text in Figure 11] 
107 light source 

137 analysis unit 

138 display unit 
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143 light source 
147 detector 

[012] [FIGURE 12] 
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[translation of Japanese text in Figure 12] 

208 video processor 

210 multiplexer 

21 1 frame memory ODD 

212 frame memory EVEN 

213 differencing circuit 

214 divider circuit 

215 integrating circuit 

216 video processor 
218 divider circuit 
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